UNIVERSITY OF NIS
FACULTY OF MECHANICAL ENGINEERING

Department for material handling systems and logistics

5" INTERNATIONAL CONFERENCE

TRANSPORT ano LOGISTICS

PROCEEDINGS

NiS, Serbia 22 - 23 May 2014




THE FIFTH INTERNATIONAL CONFERENCE
TRANSPORT AND LOGISTICS

PROCEEDINGS

Publisher 5
UNIVERSITY OF NIS
FACULTY OF MECHANICAL ENGINEERING

Department for material handling systems and logistics

Edited by
Prof. Dr Miomir Jovanovié

Technical editors
Prof. dr Zoran Marinkovic¢
MSc. Nikola Petrovic¢
MSec. Predrag Mili¢

Circulation
50

UNDER THE AUSPICES OF

Serbian Ministry of Science and Technological Development

HONORARY COMMITTE
dr Srdan Verbi¢, Minister of Education, Science and Technological Development of the Republic of Serbia
Prof. dr Dragan Anti¢, rector of the University of Ni§
Prof. dr Vlastimir Nikoli¢, dean of the Faculty of Mechanical Engineering

PROGRAM COMMITTEE
Prof. dr Miomir Jovanovi¢, Faculty of Mechanical Engineering Ni§
Prof. dr Zoran Marinkovié, Faculty of Mechanical Engineering Ni§
Prof. dr Wilibald Giinthner, TU Miinchen
Prof. dr Nada Barac, Faculty of Economics Ni§
Prof. dr SneZana Pej¢i¢-Tarle, Faculty of Transport and Traffic Engineering Belgrade
Prof. dr Jovan Vladi¢, Faculty of Technical Sciences Novi Sad
Prof. dr Miroslav Georgijevi¢, Faculty of Technical Sciences Novi Sad
Prof. dr Milomir Gasi¢, Faculty of mechanical and civil engineering Kraljevo
Prof. dr Mile Savkovi¢, Faculty of mechanical and civil engineering in Kraljevo
Prof. dr Nenad Zrni¢, Faculty of Mechanical Engineering Belgrade
Prof. dr Marin Georgijev, TU Sofia
Prof. dr Bozidar Georgijev, TU Sofia
Prof. dr Slave Jakimovski, Faculty of Mechanical Engineering Skopje
Prof. dr Janko Jancevski, Faculty of Mechanical Engineering Skopje
Prof. dr Dusan Stamenkovié, Faculty of Mechanical Engineering Ni$
Prof. dr Milivoje Cuéilovié, Faculty of Technical Sciences Catak
Prof. dr Janko Jovanovi¢, Faculty of Mechanical Engineering Podgorica
Prof. dr Peda Milosavljevi¢, Faculty of Mechanical Engineering of Ni§

ORGANISING COMMITTEE
Prof. dr Dragoslav JanoSevi¢, Faculty of Mechanical Engineering Ni§
Doc. dr Dragan Marinkovi¢, Faculty of Mechanical Engineering Ni§, TU Berlin
Dr Goran Petrovi¢, Faculty of Mechanical Engineering Ni§
Vice Prof. dr Ljubislav Vasin, Military Academy Beograd
Bane Petronijevi¢, Beologistika Beigrad
Goran Radoiéi¢, M.Sc., JKP Mediana Ni§

Sasa Markovi¢, M.Sc., TA, Faculty of Mechanical Engineering Ni$
Predrag Mili¢, TA, Faculty of Mechanical Engineering Ni§
Nikola Petrovié, TA, Faculty of Mechanical Engineering Ni§
Vesna Nikoli¢, PhD student, Faculty of Mechanical Engineering Ni§
Danijel Markovi¢, PhD student, Faculty of Mechanical Engineering Ni§
Vojislav Tomi¢, PhD student, Faculty of Mechanical Engineering Ni§
Jovan Pavlovi¢, PhD student, Faculty of Mechanical Engineering Ni$
Dejan Zikié, Faculty of Mechanical Engineering Ni§




CONTENTS

PLENARY SESSION (SESSION-1)

1.

TRENDS IN THE TECHNICAL LOGISTICS RESEARCH AND UNIVERSITY EDUCATION..........cccceee

Marin Georgiev Faculty of German Engineering and Industrial Management Technical University of Sofia

SOME ADVANCED STRUCTURAL DESIGN SOLUTIONS IN THE FIELD OF TRANSPORTATION .......

Manfred Zehn, TU Berlin, Department of Structural Analysis, Germany
Dragan Marinkovi¢, University of Nis, Faculty of Mechanical Engineering, Serbia, TU Berlin, Germany

DEVELOPMENT CHRONOLOGY OF THE "TRET" AND "SCREEN CONTACT" METHODOLOGIES ...

Janko Janchevski, "Ss. Ciril and Methodius" University, Faculty of Mechanical Engineering, Skopje, R. Macedonia

LOGISTICS (SESSION -2)

4.

DAHAR EU SEE PROJECT AS AN INCENTIVE TO THE DEVELOPMENT OF

LOGISTICS IN THE DANUBE REGION ......ccooiiiiiiiiii s

Milosav Georgijevié, University of Novi Sad, Faculty of Technical Sciences
Sanja Boji¢, University of Novi Sad, Faculty of Technical Sciences

APPLICATIONS OF MATRIX-ANALYTIC METHODS AND PHASE-TYPE DISTRIBUTIONS IN

STOCHASTIC LOGISTIC PROBLEMS MODELING........cccciiiiiiiiii i

Goran Petrovi¢, University of Nis, Faculty of Mechanical Engineering
Danijel Markovié, University of Nis, Faculty of Mechanical Engineering
Predrag Mili¢, University of Nis, Faculty of Mechanical Engineering
Zarko Cojbasié, University of Nis, Faculty of Mechanical Engineering
Milos Madié, University of Nis, Faculty of Mechanical Engineering

ANALYSIS OF LOGISTICS CHAINS IN DAIRY INDUSTRY ..ottt

Zoran Marinkovi¢, University of Nis, Faculty of Mechanical Engineering

Dragan Marinkovic, University of Nis, Faculty of Mechanical Engineering, TU Berlin, Germany
Goran Markovié, University of Kragujevac, Faculty of Mechanical Engineering in Kraljevo
Vojislav Tomié, University of Nis, Faculty of Mechanical Engineering

MODERN BUSINESS MODELS OF LOW-COST AIRLINES AS A COMPETITION FACTOR ON

THE AIR-TRAFFIC MARKET ... ottt r bbbt en bbbttt et e e e n b nneanenbeene s

Jelena Petrovi¢, Department of Geography, Faculty of Science and Mathematics Nis
Ivana Burazor, Department of Cardiology, Institute for Rehabilitation, Belgrade
Nenad Burazor, Hemofarm, Belgrade

THE MODERN TECHNOLOGY PACKAGING AND OPPORTUNITIES FOR ACTIVE

PROMOTION OF PRODUCTS. ..ottt bbb r e

Sasa Randelovi¢, University of Nis, Faculty of Mechanical Engineering
Viadislav Blagojevi¢, University of Nis, Faculty of Mechanical Engineering
Dejan Tanikié, University of Belgrade, Technical Faculty in Bor

Dalibor Penadié, University of Belgrade, Technical Faculty in Bor

TRANSPORTING TECHNIQUE (SESSION -3)

9.

10. DYNAMICAL RESPONSE OF STRUCTURES TO MALICIOUS AND RANDOM ACTIONS

OPTIMIZATION OF THE POWERTRAIN MANIPULTOR MECHANISMS

WITH HYDROSTATIC DRIVE ..ot bbb e

Dragoslav janoSevié, University of Nis, Faculty of Mechanical Engineering
Jovan Pavlovi¢, University of Nis, Faculty of Mechanical Engineering

Ivan Savi¢, University of Nis, Faculty of Mechanical Engineering

mr Sasa Markovic, University of Nis, Faculty of Mechanical Engineering

Miomir Jovanovic, University of Nis, Faculty of Mechanical Engineering
Goran Radoici¢, University of Nis, Faculty of Mechanical Engineering

15



11.SIMPLIFIED LIFE CYCLE ASSESSMENT OF BELT CONVEYOR DRIVE PULLEY ......cccccooiiiiiiiiiiie 55
Milos Pordevic, Faculty of Mechanical Engineering, University of Belgrade
Nenad Zrnié, Faculty of Mechanical Engineering, University of Belgrade
Boris Jerman, Faculty of Mechanical Engineering, University of Ljubljana

12. DEVICE FOR TRANSPORTING OUT OF DIMENSION SHEET METAL WITH TRUCK .......ccoooiiiiiiiinne 59
Viktor Stojmanovski, Ss Cyril and Methodius University, Faculty of Mechanical Engineering in Skopje, Macedonia

13. INVESTIGATION OF OPERATING TEMPERATURE OF SPUR GEARS USING CVFEM........c.ccoeivininnnne. 65
Janko D. Jovanovi¢, University of Montenegro Faculty of Mechanical Engineering, Podgorica, Montenegro
Nikola R. Purisi¢, Doding, Podgorica, Montenegro

14. SIMULATIONS OF ELEVATOR CABINS LIFTING AND DYNAMIC MODELS..........cccooiiiiiiinieeee 69
Jovan Viadi¢, University of Novi Sad, Faculty of Technical Sciences
Radomir Pokié, University of Novi Sad, Faculty of Technical Sciences
Vesna Jovanovié, University of Nis, Faculty of Mechanical Engineering
Dragan Zivanié, University of Novi Sad, Faculty of Technical Sciences

LOGISTICS (SESSION -4)

15. APPLICATION OF COPRAS METHOD FOR SUPPLIER SELECTION .....ccociiiiiiieccie e 75
Milos Madié, University of Nis, Faculty of Mechanical Engineering
Danijel Markovié, University of Nis, Faculty of Mechanical Engineering
Goran Petrovi¢, University of Nis, Faculty of Mechanical Engineering
Miroslav Radovanovié¢, University of Nis, Faculty of Mechanical Engineering

16. A MULTI-CRITERIA DECISION MAKING APPROACH FOR EVALUATING SUSTAINABLE CITY
LOGISTICS MEASURES ...ttt ettt ettt e st e bt s bt e sbe e sbeeabeem b e es e e et e e s beebeesbeesbesseesbeesbeesaeeneas 81
Tanja Parezanovi¢, University of Belgrade, Faculty of Transport and Traffic Engineering
Snezana Pejci¢ Tarle, University of Belgrade, Faculty of Transport and Traffic Engineering
Nikola Petrovi¢, University of Nis, Faculty of Mechanical Engineering

17.CONTRIBUTION TO OPTIMAL CONTAINER FLOW ROUTING BETWEEN FAR EAST AND SERBIA
THROUGH SELECTED ADRIATIC PORTS ...ttt st sibe s e e sibe s nbeennneennes 87
Radoslav Rajkovic, University of Belgrade, Faculty of Mechanical Engineering
Nenad Zrnic, University of Belgrade, Faculty of Mechanical Engineering
Dorde StakiC, University of Belgrade, Faculty of Mathematics

18. AIR POLLUTION FROM TRANSPORT ..ottt sttt st nbee st esbeesbaeabeesnbeeabeeenteeenseesbeas 91
Milica Jovi¢, University of Nis, Faculty of Mechanical Engineering
Mirjana Lakovié, University of Nis, Faculty of Mechanical Engineering
Slobodan Mitrovié, University of Nis, Faculty of Mechanical Engineering

19. TRANSPORT AND DEPOSITION OF SLAG AND ASH ...t 95
Mirjana Lakovié, University of Nis, Faculty of Mechanical Engineering
Slobodan Mitrovié, University of Nis, Faculty of Mechanical Engineering
Milica Jovié, University of Nis, Faculty of Mechanical Engineering

TRANSPORTING TECHNIQUE (SESSION -5)

20. SKEWING LOADINGS IN THE SCOPE OF MATERIAL FATIGUE PHENOMENA OF CRANE
STRUCTURE AND TRAVELLING MECHANISM COMPONENTS .....cooiiiiiiieiiee e 101
Rastislav Sostakov, University of Novi Sad, Faculty of Technical Sciences
Atila Zelié, University of Novi Sad, Faculty of Technical Sciences
Ninoslav Zuber, University of Novi Sad, Faculty of Technical Sciences
Hotimir Licen, Jr., TRCPro, Petrovaradin

21.UTILIZATION OF AN INTERMITTENT MOTION MECHANISM FOR ENERGY HARVESTING FROM
VEHICLE SUSPENSIONS ...ttt b e bttt b e e h b e eb e bt e bt e st e e b e e s be e s be e sbeebeenneenbennee e 105
Milan Pavlovié, University of Nis, Faculty of Mechanical Engineering
Vukasin Pavlovi¢, University of Nis, Faculty of Mechanical Engineering
Misa Tomié, University of Nis, Faculty of Mechanical Engineering
Andrija Milojevic, University of Nis, Faculty of Mechanical Engineering
Milos Milosevi¢, University of Nis, Faculty of Mechanical Engineering
Ljubisa Tjupa, ETS Mija Stanimirovié, Ni§



22. SOFTWARE DEVELOPMENT FOR OPTIMAL SYNTHESIS OF SLEWING PLATFORM DRIVE
MECHANISM OF MOBILE MACHINE ......ocoiiiiitiieeee et b bt an b ne s 109
Vesna Jovanovié¢, University of Nis, Faculty of Mechanical Engineering
Dragoslav Janosevi¢, University of Nis, Faculty of Mechanical Engineering
Radomir Djoki¢, University of Novi Sad, Faculty of Technical Sciences
Jovan Pavlovi¢, University of Nis, Faculty of Mechanical Engineering

23.EFFECTS OF USING A SUPPLEMENTARY COMPONENT GENERATED BY A CATALYTIC REACTOR

ON THE COMBUSTION OF THE PRIMARY FUEL OF A LOADED DIESEL GENERATOR ..........ccccuvuee. 113

Milos Milosevié, University of Nis, Faculty of Mechanical Engineering
Miodrag Milenkovi¢, University of Nis, Faculty of Mechanical Engineering
Jovica Pesi¢, LINEX Pirot

Boban Nikoli¢, University of Nis, Faculty of Mechanical Engineering
Dusan Stamenkovié, University of Nis, Faculty of Mechanical Engineering

24. DYNAMIC ANALYSIS OF THE Z-BAR LOADER WORKING MECHANISM .......cccooiiiiiiiiiie, 119

Jovan Paviovi¢, University of Nis, Faculty of Mechanical Engineering
Dragoslav Janosevi¢, University of Nis, Faculty of Mechanical Engineering
Vesna Jovanovié, University of Nis, Faculty of Mechanical Engineering
Predrag Mili¢, University of Nis, Faculty of Mechanical Engineering

25.STRESS DETERMINATION IN REINFORCED I-SECTION BOTTOM FLANGE OF

SINGLE GIRDER CRANE ...t r bbbt sn bbb 123

Milomir Gasié¢, Faculty of Mechanical and Civil Engineering Kraljevo

Mile Savkovi¢, Faculty of Mechanical and Civil Engineering Kraljevo
Nebojsa Zdravkovi¢, Faculty of Mechanical and Civil Engineering Kraljevo
Goran Markovié, Faculty of Mechanical and Civil Engineering Kraljevo
Hajrus Hot, Technical school in Tutin

TRAFFIC (SESSION -6)

26.EVALUATION OF EFFICIENCY OF URBAN BUS LINES IN NIS .......cooviiiiiieieiieeseeeeeeeeeeesiesiesies s 129
Nikola Petrovi¢, University of Nis, Faculty of Mechanical Engineering
Ljubislav Vasin, University of Nis, Faculty of Mechanical Engineering
Tanja Parezanovi¢, University of Belgrade, Faculty of Transport and Traffic Engineering

27. MULTI-CRITERIA ANALYSIS OF ALTERNATIVE PROPULSION SYSTEMS FOR VEHICLES

OF PUBLIC TRANSPORT PASSENGERS IN NIS ........cooiiiiiiiiiiieieeiesesessesies e 135

Nikola Petrovi¢, University of Nis, Faculty of Mechanical Engineering

Dusan Stamenkovié, University of Nis, Faculty of Mechanical Engineering

Snezana Pejci¢ Tarle, University of Belgrade, Faculty of Transport and Traffic Engineering
Ljubislav Vasin, University of Nis, Faculty of Mechanical Engineering

Milos Milosevi¢, University of Nis, Faculty of Mechanical Engineering

28. SCENARIOS ACCIDENTS AND RISK ASSESSMENT MODEL IN THE TRANSPORT

OF DANGEROQOUS GOODS BY RAIL ...ttt r e sn e sre e 139

Suzana Graovac, Institute ,,Kirilo Savic¢, Belgrade, Serbia
Tomislav Jovanovié, Institute ,,Kirilo Savi¢“, Belgrade, Serbia
Milan Zivanovié, Institute ,, Kirilo Savi¢*, Belgrade, Serbia

29. AN OPTIMIZATION APPROACH TO THE LOCOMOTIVE CHEDULING PROBLEM..........ccooviiiniinne 145

Nena Tomovi¢, Serbian Railways, University of Belgrade, Department of Infrastructure, Belgrade, Serbia
Snezana Pejcic- Tarle, Faculty of Transport and Traffic Engeneering
Pavle Gladovi¢, University of Novi Sad, Faculty of Technical Sciences

30. LOGISTIC CENTERS: LITERATURE REVIEW AND PAPERS CLASSIFICATION.......cccoviviiiniie 151

Dejan Mirceti¢, University of Novi Sad, Faculty of Technical Science
Svetlana Nikolici¢, University of Novi Sad, Faculty of Technical Science
Marinko Maslarié¢, University of Novi Sad, Faculty of Technical Science

31. SIMULATION OF MATERIAL FLOW IN THE FACTORY ECO-FOOD ......cccceiiiiiiiiiesesee e 157

Sasa Markovi¢, University of Nis, Faculty of Mechanical Engineering
Leo Milosev, University of Nis, Faculty of Mechanical Engineering



INDUSTRIAL TEHNOLOGY (SESSION -7)

32. GRIPPERS IN MANIPULATION PROGCESSES .......oo ittt sine s 161
Viadislav Blagojevi¢, University of Nis, Faculty of Mechanical Engineering
Miodrag Stojiljkovi¢, University of Nis, Faculty of Mechanical Engineering
Ivan Marinkovi¢, University of Nis, Faculty of Mechanical Engineering

33. TECHNICAL DEVICE SOLUTION FOR KINEMATICS CONTROL OF MINING EXPORT MACHINES. 165
Miodrag Arsié, University of Nis, Electronic Faculty
Miomir Jovanovi¢, University of Nis, Faculty of Mechanical Engineering
Goran Radoici¢, University of Nis, Faculty of Mechanical Engineering
Vojislav Tomié, University of Nis, Faculty of Mechanical Engineering
Danijel Markovi¢ University of Nis, Faculty of Mechanical Engineering

34. THE APPLICATION OF RFID TECHNOLOGY IN THE TOOLS SUPPLY OF CNC MACHINE ................. 169
Ivan Marinkovié, University of Nis, Faculty of Mechanical Engineering
Viadislav Blagojevi¢, University of Nis, Faculty of Mechanical Engineering

35. INVESTIGATION OF INTERNET B2B/B2C MODELS SELECTION OF USED CRANES..........ccccceeevevinnen. 173
Tijana Agovic, MSc student, University of Nis, Faculty of Mechanical Engineering
Miomir Jovanovié, University of Nis, Faculty of Mechanical Engineering

36.CRITERIA SYSTEM DEFINING IN MULTICRITERIA DECISION MAKING PROBLEM
AT TRANSPORT — STORAGE SYSTEM ELEMENTS CHOICE ........cciii ittt sva e 177
Goran Markovié¢, Faculty of Mechanical Engineering and Construction in Kraljevo, University of Kragujevac
Milomir Gasié, Faculty of Mechanical Engineering and Construction in Kraljevo, University of Kragujevac
Mile Savkovié, Faculty of Mechanical Engineering and Construction in Kraljevo, University of Kragujevac
Zoran Marinkovié¢, University of Nis, Faculty of Mechanical Engineering
Vojislav Tomié, University of Nis, Faculty of Mechanical Engineering

37.SIMULATION OF MATERIAL FLOW IN THE ZONED ORDER PICKING SYSTEMS .........cccoooiiiiieee. 185
Dragan Zivanié, Faculty of Technical Sciences, University of Novi Sad
Jovan Viadi¢, Faculty of Technical Sciences, University of Novi Sad
Igor Dzinci¢, Faculty of Forestry, University of Belgrade
Radomir Pokié, Faculty of Forestry, University of Belgrade
Anto Gaji¢, Mine and Thermal Power Plant, Ugljevik, Rep. of Srpska



UNIVERSITY OF NIS FACULTY OF MECHANICAL ENGINEERING .
THE FIFTH INTERNATIONAL CONFERENCE l
TRANSPORT AND LOGISTICS

2014

SIMPLIFIED LIFE CYCLE
ASSESSMENT OF BELT
CONVEYOR DRIVE PULLEY

Milo§ PORPEVIC!
Nenad ZRNIC?
Boris JERMAN?

YDepartment of material handling constructions and
logistics, Faculty of Mechanical Engineering,
University of Belgrade
2Department of material handling constructions and
logistics, Faculty of Mechanical Engineering,
University of Belgrade
9Department of Engineering Design and Transportation
Systems, Faculty of Mechanical Engineering,
University of Ljubljana

Abstract

This simplified Life Cycle Assessment (LCA) of belt
conveyor drive pulley is part of complete LCA study of belt
conveyor and it will be used for establishment of
methodology for conducting LCA studies of Bucket Wheel
Excavator (BWE) or similar types of belt conveyors. Drive
pulley as all other belt conveyor pulleys is considered as
part of belt conveyor system that doesn’t need electricity to
fulfill its function. The only component of belt conveyor
system that actually consume electricity is electric motor
(EM). Drive pulley is analyzed with Ecodesign Assistant
(EA) and Ecodesign PILOT (EP) software tools. Analysis
had shown that drive pulley manifest the biggest impact on
the environment in raw materials stage of its life cycle.
Accompanying EP strategies suggested possible product
improvements.

Keywords: Life Cycle Assessment, Bucket Wheel Excavator,
Belt Conveyor Drive Pulley.

1. INTRODUCTION

Purpose of this paper is to provide basis for conducting
simplified Life Cycle Assessment (LCA) of variety of
different pulleys as well as basis for their mutual comparison.
Simplified LCA is conducted with Ecodesign Assistant (EA)
and Ecodesign PILOT (EP) software tools. These software
tools and terms such as life cycle, LCA and product types are
explained in [1, 2].
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2. DESCRIPTION OF THE PRODUCT

Bucket wheel excavator (BWE) 1201 belt conveyor drive
pulley main components are drum, bearings and shaft, see
fig. 1.

Fig. 1 BWE 1201 belt conveyor drive pulley

Drive pulley flange is not considered in this study. If it is
necessary flange can be modeled as steel part and be aded to
steel parts.

floating fixed

bearing

Fig. 2 Drum cross section

Drum assembly, shown in fig. 2 is consisted of 6 parts which
are listed in table 1. Position numbers of the parts in table 1
are in correlation with fig. 2.

Table 1 Drum assembly parts list

Pos.|Part name l\[/lkaésis Material |Quantity

. Steel

1 |Rim 550.9 (S33512G3) 1
. Steel

2 | End disc 102.0 (S33512G3) 2
. Steel

3 |Ring 24.0 (S33512G3) 2
. Steel

4 | Positioning plate | 0.3 (S33512G3) 6

5 |Rubber lagging |156.8 Rubber 1

6 Fle)flble locking 122 Steel )

device

From aspect of ecodesign there is a small difference between
fixed and floating bearing. Differences are in construction of
bearing housing external covers, rotary seals and extra
bushing in case of fixed bearing.
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Fig. 3 Floating bearing

Floating bearing shown in fig. is consisted of 14 parts listed
in table 2. Lubricating nipple is neglected due to different
lubrication method retrieved from [2].

Table 2 Floating bearing parts list

15 16

8 14 6

1 92 310457

Shaft

~ \
N
=|
N
L \
\
7

Fig. 4 Fixed bearing

Shaft is single material part made of steel 42CrMo4 and its
mass is 751.30 kg. It is produced by forging. Steel 42CrMo4
is recognised as High Alloyed Steel in EA material class
table.

Table 3 Fixed bearing parts list

Pos.| Part name I\[/Ikzs]s Material |Quantity| |Pos.|Part name I\[/Ikz;s]s Material |Quantity
. Steel . Steel
1 | Welded housing 131.8 (S33512G3) 1 1 | Welded housing 131.8 (S33512G3) 1
Roller bearing Roller bearing
2 |SKF 22240 cck/w33 | 425 | Steel ! 2 |sKF 22240 Ccr/w33 | 425 | Steel !
3 | Locking washer MB 40 | 0.293 Steel 1 3 |Locking washer MB 40 | 0.293 Steel 1
4 | Locknut KM 40 3.7 Steel 1 4 | Locknut KM 40 3.7 Steel 1
5 | Adapter sleeve H3140 | 12.1 Steel 1 5 |Adapter sleeve H3140 | 12.1 Steel 1
Housing cover — Steel Housing cover — Steel
6 |internal 141 (s335m0G63)| ! 6 |internal 141 (s3350G63)| !
Housing cover — Steel Housing cover — Steel
7 | external 1561 (s3351G3)| ! 7 | external 156 (s33500G63)| !
. Steel . Steel
8 |Bushing 3.07 (CK45) 1 8 |Bushing 3.07 (CK45) 1
o Steel Zn . Steel Zn
9 |Lifting eye bolt 0.3 (CI5E) 1 9 | Lifting eye bolt 0.3 (CISE) 1
10 | Screw M12x16 0.03 | Steel Zn 6 10 | Screw M12x16 0.03 | Steel Zn 6
11 |Bolt M16x180 0.32 | Steel Zn 6 11 |Bolt M16x180 0.32 | Steel Zn 6
12 |Nut M16 0.04 | Steel Zn 6 12 [Nut M16 0.04 | Steel Zn 6
13 | Washer A16 0.01 | Steel Zn 6 13 | Washer A16 0.01 | Steel Zn 6
Rotary seal BA Simrit Rotary seal BA Simrit
14 230x070x16 0.1 Rubber 2 14 230x270x16 0.1 Rubber 2
Rotary seal BA Simrit
Fixed bearing shown in fig. 4 is consisted of same parts as 15 180x210x15 0.074)  Rubber 2
floating bearing except diffrent constuction of external cover 16 | Bushi 191 Steel 1
of bearing housing, aditional rotary seals BA simrit ushing ' (CK45)

180x210x15 and aditional bushing. Contituent parts of fixed
bearing are listed in table 3.

Product life time is estimated to be 5 years, according to [2]
and functional unit is defined as "transferring rotation of the
shaft to translation of the belt at 3,9 m/s speed and load
bearing".
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3. ANALYSIS IN ECODESIGN ASSISTENT
Prior to conducting analysis in EA and EP simplifications
similar to those made in [2] had to be done. All drive pulley

parts are grouped according to table 4.

Table 4 Simplified parts list

Product Part Mass [kg] Material Class
Steel parts 1252 Steel 111
Steel Zn parts 5.5 Steel Zn v
;I;ﬁlsl Alloyed Steel | 5 3 | gieel High Alloyed | VI
Rubber parts 157.35 Rubber v

Parts made of same or similar material are treated as one
part. Process energy needed for manufacturing each of the
parts is taken into account. Material class for grouped parts
is determined based on predominant material relative to
classification of different materials provided by EA.

Roller bearing SKF 22240 CCK/W33, marked with number
2 in fig. 3 and fig. 4 is treated as a single part
predominantly made of steel. Becides roller bearings steel
parts obtain parts marked with numbers 1, 3, 4, 5, 6, 7, 8
and 16 in fig. 3 and fig. 4 and parts marked with numbers 1,
2,3,4,and 6 in fig. 2.

Steel Zn parts are consisted of parts marked with numbers
9,10, 11, 12, 13 in fig. 3 and fig 4.

High Alloyed Steel parts are consisted of single part — shaft.
Rubber parts are consisted of parts marked with number 5
in fig. 2 and with numbers 14 and 15 in fig. 3 and fig. 4.
Main manufacturing methods of material processeing for
this product are machining, forging, welding and injection
moulding. Specific energy consumption (SEC) for these
processes is obtained from [3, 4, 5]. Calculated energy for
all of those processes was 9196 MJ. Waste genarated in
production phase is estimated to be 10% of part mass.
According to this assumption there is generated 113.6 kg of
steel scrap and 15.7 kg of rubber scrap. Energy for heating
and lighting is estimated as moderate. Percentage of
external parts was 30-60%. Since all external parts are
obtained from manufacturers situated in vicinity of the
production facility, their hauling distance per unit is
determined as "rather short".

Production facility is situated approximately 20 km from
location of product's utilization. Chosen means of
transportation is truck.

Use frequency of BWE 1201 belt conveyor drive pulley is
defined as number of working days per year. According to
data obtained from product user there are 325 working days
per year. Electric energy input is not needed for drive
pulley service. The only component of conveyor that
consume electric energy is electric motor. Analysis of
electric motor is not covered with this study. As in [2] FOR
LPD 2 lubricating grease is treated as auxiliary material in
product use stage. Amount of lubricant per use is calcualted
and scaled according to [2]. It's calculated input per use was
8.4-107 kg. Lubricant is consisted of Li-soap and mineral
base oil. It is recognized as environmentally hazardous
material and classified as material class V.

Drive pulley is being partially recycled at the end of it's life.
Steel parts and High Alloyed Steel parts are being reused.
Other parts are being disposed off or returned to the
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manufacturer.
Analysis carried out in EA identified idler roller as basic
type A product, that is raw material intensive product.
Following improvement strategies were recommended.
Main recommended strategies were:

=  "reducing material inputs" and
Recommended strategies with lower priority which are to
be realized later were:

= "selecting the right materials",

= "optimizing product use",

= "optimizing product functionality",

= 'increasing product durability",

= "improving maintenance",

= "improving reparability",

= "improving disassembly" and

= 'reuse of product parts".
One additional recommended strategy was "ecological
procurement of external components".

4. ANALYSIS IN ECODESIGN PILOT

Improvement strategies provided by EA are further
considered within EP. They are not presented in this paper
particularly. Instead, they are discussed as tasks, measures
and recommendations which are to be conducted in order to
improve product's functionality and energy efficiency, as
well as environmental performance.

As FOR LPD 2 lubricant is considered environmentally
hazardous improvement of its environmental performances
was considered and explained in [2]. There was
recommended use of lubricants with renewable base oils
and new concept of ionic liquid based Iubricants. There was
recommended use of energy-saving bearings and use of
remanufacturing service for bearings also.

EP suggested possible utilisation of recycled steel for
manufacturing steel parts of drive pulley. Having in mind
that SEC for virgin steel production is much greater than
SEC for recycled steel production, significant energy
saving could be achieved by using recycled steel for steel
parts manufacturing.

As steel parts are being refurbished or reused recycling rate
could be maximised even more by recycling rubber parts.
Surface of the drum in contact with belt is exposed to
soiling. To prevent formation of material buildup on the
drum surface there can be utilised belt cleaners.

Since drive pulley components are locally available,
transportation and its influence is reduced to minimum.

5. CONCLUSION

It has been shown that particular issues considered within
this paper were already considered in [2]. Among these
issues were environmentally friendly Iubricants, energy
saving bearings, material buildup and wear reduction,
transportation of external parts and end of life options.
Analysis in EP has shown that energy and consequently
cost savings as well as environmental improvements could
be accomplished by conducting provided recommendations.
Conducting this type of LCA for different types of pulleys
can provide significant base for analyzing environmental
performances of the BWE conveyor pulleys in general.
With more conducted LCAs there could be made pattern for
analyzing pulleys in general and there can be recognized



main issues which could occur during conveyor pulley
utilization. Thus there can be suggested adequate solutions
for these issues and achieved more energy efficient and
more environmentally friendly utilization of conveyor
pulleys.
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