
	de	a Inet ga it nl eu rc ia e

F

010
110

PROCEEDINGS





 

 

University of Banja Luka 
Faculty of Mechanical Engineering 

 
 
 
 
 
 
 
 
 
 
 
 

PROCEEDINGS 	
	

DEMI	2025	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Banja	Luka,	May	2025





17TH	INTERNATIONAL	CONFERENCE	ON	ACCOMPLISHMENTS	
IN	MECHANICAL	AND	INDUSTRIAL	ENGINEERING	

DEMI	2025	

Supported	by:	
MINISTRY FOR SCIENTIFIC AND TECHNOLOGICAL DEVELOPMENT  

AND HIGHER EDUCATION 

Organizer	and	publisher:	
FACULTY OF MECHANICAL ENGINEERING 

UNIVERSITY OF BANJA LUKA 

Co‐organizer:	
FACULTY OF MECHANICAL ENGINEERING 

UNIVERSITY OF NIŠ, SERBIA 

FACULTY OF MECHANICAL ENGINEERING 
UNIVERSITY OF PODGORICA, MONTENEGRO 

FACULTY OF TECHNICAL SCIENCES, REŞIȘTE 
BABES-BOLYAI UNIVERSITY OF CLUJ-NAPOCA 

ROMANIA 

REYKJAVIK UNIVERSITY, ICELAND 

Publisher:	
Faculty of Mechanical Engineering  

University of Banja Luka 

Editor	of	chief:	
Assistant Professor Dejan Branković, PhD 

Executive	editor:	
Milivoj Stipanović, BsC 





 

v 

ORGANIZING	COMMITTEE	
	

Assist. Prof. Dejan Branković, PhD 
Chairman of Organizing Committee 

Faculty of Mechanical Engineering, University of Banja Luka 
 

Assoc. Prof. Stevo Borojević, PhD 

Prof. Aleksandar Milašinović, PhD 

Prof. Zorana Tanasić, PhD 

Prof. Petar Gvero, PhD 

Assoc. Prof. Branislav Sredanović, PhD 

Assoc. Prof. Milovan Kotur, PhD 

Assist. Prof. Biljana Vranješ, PhD 

Assist. Prof. Jovan Škundrić, PhD 

Assist. Prof. Biljana Prochaska, PhD 

Assist. Prof. David C. Finger, PhD 

Prof. Uroš Karadžić, PhD 

Prof. Codruța-Oana HAMAT, PhD 

Assoc. Prof. Miloš Kocić, PhD 

Assist. Prof. Marko Mančić, PhD 

Vukašin Pavlović, Assistant, PhD 

Saša Laloš, Assistant, MSc 

Milisav Marković, Senior Assistant, MSc 

Danijela Kardaš, Senior Assistant, MSc 

Milan Pupčević, Senior Assistant, MSc 

Zoran Grahovac, Assistant, MSc 

Dragan Erceg, Senior Assistant, MSc 

Gordana Tošić, Senior Assistant, MSc 

Petar Babić, Senior Assistant, MSc 

Jelena Marković, Assistant, BSc 

Nikola Despenić, Assistant 

Vladimir Mitrović, Assistant 

Sanja Maglov, MA+ 

Svetislav Bajić, BA Law 

Nedeljka Sladojević Putnik, BA Economics 

Milivoj Stipanović, BSc 





 

vii 

SCIENTIFIC	COMMITTEE	
	

 
Prof. Stevo Borojević, PhD, Chairman of 
Scientific Committee 
Faculty of Mechanical Engineering 
University of Banja Luka 

Prof. Zdravko Milovanović, PhD 
Faculty of Mechanical Engineering 
University of Banja Luka 

Prof. Darko Knežević, PhD 
Faculty of Mechanical Engineering 
University of Banja Luka 

Prof. Milan Tica, PhD 
Faculty of Mechanical Engineering 
University of Banja Luka 

Prof. Gordana Globočki-Lakić, PhD 
Faculty of Mechanical Engineering 
University of Banja Luka 

Prof. Petar Gvero, PhD 
Faculty of Mechanical Engineering 
University of Banja Luka 

Prof. Aleksandar Milašinović, PhD 
Faculty of Mechanical Engineering 
University of Banja Luka 

Prof. Zorana Tanasić, PhD 
Faculty of Mechanical Engineering 
University of Banja Luka 

Prof. Izet Bjelonja, PhD 
Faculty of Mechanical Engineering 
University of Sarajevo 

Prof. Milan Zeljković, PhD 
Faculty of Technical Sciences 
University of Novi Sad 

Prof. Slobodan Tabaković, PhD 
Faculty of Technical Sciences 
University of Novi Sad 

Prof. Franci Pušavec, PhD 
Faculty of Mechanical Engineering 
University of Ljubljana 

Prof. Мića Vukić, PhD 
Faculty of Mechanical Engineering 
University of Niš 

 

Prof. dr Milenko Sekulić 
Faculty of Technical Sciences 
University of Novi Sad 

Prof. Mileta Janjić, PhD 
Faculty of Mechanical Engineering 
University of Montenegro 

Assist. Prof. Davorin Kramar, PhD 
University of Ljubljana 
Slovenia 

Prof. Simo Jokanović, PhD 
Faculty of Mechanical Engineering 
University of Banja Luka 

Prof. dr Platon Sovilj 
Faculty of Technical Sciences 
University of Novi Sad 

Prof dr Gordana Stefanović 
Faculty of Mechanical Engineering 
University of Niš 

Prof. dr Miladin Stefanović 
Faculty of Engineering Sciences 
University of Kragujevac 

Prof. Strain Posavljak, PhD 
Faculty of Mechanical Engineering 
University of Banja Luka 

Prof. Vid Jovišević, PhD 
Faculty of Mechanical Engineering 
University of Banja Luka 

Prof. Živko Babić, PhD 
Faculty of Mechanical Engineering 
University of Banja Luka 

Prof. Milan Banić, PhD 
Faculty of Mechanical Engineering 
University of Niš 

Prof. Branko Blanuša, PhD 
Faculty of Electrical Engineering 
University of Banja Luka 

Prof. Tihomir Latinović, PhD 
Faculty of Mechanical Engineering 
University of Banja Luka 

Prof. Sead Pašić, PhD 
Faculty of Mechanical Engineering 
“Džemal Bijedić” University in Mostar 



 

viii 

Prof. Borut Kosec, PhD 
Faculty of Natural Sciences and 
Engineering University of Ljubljana 

Senior Scient. Eng. Milica Grahovac, PhD 
Lawrence Berkeley National 
Laboratory 
USA 

Prof. Doina Frunzaverde, PhD 
Faculty of Engineering Resita 
Babeș-Bolyai University 

Prof. Mihajlo Stojčić, PhD 
Faculty of Mechanical Engineering 
University of Banja Luka 

Assoc. Prof. Siniša Bikić, PhD 
Faculty of Technical Sciences 
University of Novi Sad 

Assist. Prof. Esad Tombarević, PhD 
Faculty of Mechanical Engineering 
University of Montenegro 

Prof. Valentina Golubović-Bugarski, PhD 
Faculty of Mechanical Engineering 
University of Banja Luka 

Prof. Snežana Petković, PhD 
Faculty of Mechanical Engineering 
University of Banja Luka 

Prof. Bojan Knežević, PhD 
Faculty of Mechanical Engineering 
University of Banja Luka 

Prof. Goran Janjić, PhD 
Faculty of Mechanical Engineering 
University of Banja Luka 

Prof. Mladen Todić, PhD 
Faculty of Mechanical Engineering 
University of Banja Luka 

Prof. Milovan Kotur, PhD 
Faculty of Mechanical Engineering 
University of Banja Luka 

Prof. Dragoslav Dobraš, PhD 
Faculty of Mechanical Engineering 
University of Banja Luka 

Prof. Đorđe Čiča, PhD,  
Faculty of Mechanical Engineering, 
University of Banja Luka 

Prof. Branislav Sredanović, PhD, 
Faculty of Mechanical Engineering, 
University of Banja Luka 

Assist. Prof. Dejan Branković, PhD 
Faculty of Mechanical Engineering 
University of Banja Luka 

Prof. Slobodan Lubura, PhD 
Faculty of Electrical Engineering 
University of East Sarajevo 

Prof. Sanda Midžić – Kurtagić, PhD 
Faculty of Mechanical Engineering 
University of Sarajevo 

Assoc. Prof. Srđan Vasković, PhD 
Faculty of Mechanical Engineering 
University of East Sarajevo 

Prof. Vladimir Stojanović, PhD 
Faculty of Mechanical Engineering 
University of Niš 

Prof. Milan Radovanović, PhD 
Faculty of Mechanical Engineering 
University of Belgrade 

Prof. Dragoslava Stojiljković, PhD 
Faculty of Mechanical Engineering 
University of Belgrade 

Prof. Nebojša Manić, PhD 
Faculty of Mechanical Engineering 
University of Belgrade 

Prof. Milan Lečić, PhD 
Faculty of Mechanical Engineering 
University of Belgrade 

Prof. Neven Duić, PhD 
Faculty of Mechanical Engineering 
and Naval Architecture 
University of Zagreb 

Assist. Prof. Srđan Savić, PhD 
Faculty of Technical Sciences 
University of Novi Sad 

Prof. Dejan Mitrović, PhD 
Faculty of Mechanical Engineering 
University of Niš 

Prof. Goran Janevski, PhD 
Faculty of Mechanical Engineering 
University of Niš 



ix 

Prof. Uroš Karadžić, PhD 
Faculty of Mechanical Engineering 
University of Montenegro 

Prof. Deaconu Sorin, PhD 
University Politehnica Timisoara 
Romania 

Prof. dr Vinko Babić, PhD 
Faculty of Mechanical Engineering 
University of Banja Luka 

Prof. Gоrаn Pеtrоvić, PhD 
Faculty of Mechanical Engineering 
University of Niš 

Prof. Radoje Vujadinović, PhD 
Faculty of Mechanical Engineering 
University of Montenegro 

Assist. Prof. David C. Finger, PhD 
School of Science and Engineering 
University of Reykjavik, Iceland 

Assoc. Prof. Edin Berberović, PhD 
Polytechnical Faculty 
University of Zenica 

Prof. Živojin Stamenković, PhD 
Faculty of Mechanical Engineering 
University of Niš 

Prof. Miloš Simonović, PhD 
Faculty of Mechanical Engineering 
University of Niš 

Prof. Predrag Živković, PhD 
Faculty of Mechanical Engineering 
University of Niš 

Prof. Hasan Smajić, PhD 
University of Applied Sciences Keln 
Germany 

Prof. Mirjana Laković, PhD 
Faculty of Mechanical Engineering 
University of Niš 

Prof. Jezdimir Knežević, PhD 
CEO at MIRCE Academy 
United Kingdom 

Prof. Radivoje Mitrović, PhD 
Faculty of Mechanical Engineering 
University of Belgrade 

 

Prof. Vlаstimir Nikоlić, PhD 
Faculty of Mechanical Engineering 
University of Niš 

Prof. Nеnаd T. Pаvlоvić, PhD 
Faculty of Mechanical Engineering 
University of Niš 

Prof. Codruța-Oana HAMAT, PhD 
Faculty of Technical Sciences, 
REŞIȘTE 
Romania 

Prof. Igor Vušanović, PhD 
Faculty of Mechanical Engineering 
University of Montenegro 

Prof. Gelu Ovidiu Tirian, PhD 
University Politehnica Timisoara 
Romania 

Prof. Dejan Lukić, PhD 
Faculty of Technical Sciences 
University of Novi Sad 

Prof. Saša Živanović, PhD 
Faculty of Mechanical Engineering 
University of Belgrade 

Prof. Mijodrag Milošević, PhD 
Faculty of Technical Sciences 
University of Novi Sad 

Prof. Vojislav Novaković, PhD 
NTNU, Norway 

Prof. Milan Rackov, PhD 
Faculty of Technical Sciences 
University of Novi Sad 

Prof. Mladomir Milutinović, PhD 
Faculty of Technical Science 
University of Novi Sad 

Prof. Drаgаn Мilčić, PhD 
Faculty of Mechanical Engineering 
University of Niš 

Prof. Radoslav Tomović, PhD 
Faculty of Mechanical Engineering 
University of Montenegro 

Prof. Janko Jovanović, PhD 
Faculty of Mechanical Engineering 
University of Montenegro 

 



x 

Prof. Nebojša Radić, PhD 
Faculty of Mechanical Engineering 
University of East Sarajevo 

Prof. dr Tomaž Berlec 
Faculty of Mechanical Engineering 
University of Ljubljana 

Prof. dr Janez Kušar 
Faculty of Mechanical Engineering 
University of Ljubljana 

Prof. Miodrag Hadžistević, PhD 
Faculty of Technical Sciences 
University of Novi Sad 

Prof. Branko Štrbac, PhD 
Faculty of Technical Sciences 
University of Novi Sad 

Prof. Pеđа Мilоsаvlјеvić, PhD 
Faculty of Mechanical Engineering 
University of Niš 

Prof. Jelena Šaković Jovanović, PhD 
Faculty of Mechanical Engineering 
University of Montenegro 

Prof. Milija Krajišnik, PhD 
Faculty of Mechanical Engineering 
University of East Sarajevo 

Prof. Ilija Ćosić, Emeritus 
Faculty of Technical Sciences 
University of Novi Sad 

Prof. Mirko Soković, PhD 

University of Ljubljana 
Slovenia 

Prof. Miroslav Bobrek, PhD 
Faculty of Mechanical Engineering 
University of Banja Luka 

Prof. Igor Budak, PhD 
Faculty of Technical Sciences 
University of Novi Sad 

Prof. Žarko Ćojbašić, PhD 
Faculty of Mechanical Engineering 
University of Niš 

Assist. Prof. Ivan Grujić, PhD 
Faculty of Engineering Sciences 
University of Kragujevac 

 
Assist. Prof. Nadica Stojanović, PhD 
Faculty of Engineering Sciences 
University of Kragujevac 

Prof. Vladimir Jovanović, PhD 
Faculty of Mechanical Engineering 
University of Belgrade 

Prof. Saša Randjelović, PhD 
Faculty of Mechanical Engineering 
University of Niš 

Prof. Dušica Pešević, PhD 
Faculty of Natural Sciences and 
Mathematics University of Banja Luka 
  



xi 

CONTENT	
	
	
KEYNOTE	LECTURE		 1	

1.  MIRCE SCIENCE: FUNCTIONABILITY ENGINEERING AND MANAGEMENT  3 
J. Knezevic 

2.  THE LEAN AND GREEN FUTURE: SIMULATE. OPTIMIZE. TRANSFORM  15 
T. Berlec, G. Janjić, Z. Tanasić 

3.  HARNESSING THE EARTH’S HEAT: THE EVOLUTION OF GEOTHERMAL  
DISTRICT HEATING IN REYKJAVIK  23 
V. Hjörleifsdóttir 

PRODUCTION	AND	COMPUTER‐AIDED	TECHNOLOGIES		 27	

1.  CUTTING FORCE AND VIBRATION IN END MILLING PROCESS  29 
Sanel Gredelj, Ismet Fatkić 

2.  TEMPERATURE MEASUREMENT DURING THE PROCESS OF WELDING  
TUBES USING THE TIG METHOD  39 
M. Mumović, N. Šibalić 

3.  OPTIMIZATION OF MACHINE LEARNING MODEL FOR PREDICTION  
OF TOTAL OPERATION TIME IN TURNING OF AISI 304  45 
A. Trajković, M. Madić 

4.  PREDICTION OF SURFACE ROUGHNESS IN TURNING USING ARTIFICIAL  
NEURAL NETWORKS  53 
D. Marinković, L. Mejić, A. Živković, C. Mlađenović, M. Knežev, A. Antić 

5.  ANALYSIS OF SPECIFIC CUTTING FORCE IN TURNING OF 42CRMO4 STEEL  59 
M. Madić, M. Trifunović, J. Stanojković, D. Rodić, P. Janković 

6.  ANALYSIS OF THE INFLUENCE OF EMULSION ON THE FLEXURAL  
MECHANICAL PARAMETERS OF FDM 3D-PRINTED PLA AND  
PLA+CF MATERIALS  65 
S. Novšak, A. Nahtigal, L. Tkalčec, K. Simerl, J. Stušek, E. Hozdić 

7.  EFFECT OF INFILL DENSITY ON FLEXURAL PROPERTIES OF FDM  
3D PRINTED POLYMER AND COMPOSITE MATERIALS  77 
N. Hodnik, M. Markeljc, M. Gril, N. Draksler, A. Rogelj, E. Hozdić 

8.  FEM ANALYSIS OF PUNCHING AND BLANKING TOOL  89 
S. Ranđelović, S. Mladenović, M. Trajković-Milenković, A. Zorić, N. Kostić 

9.  RECONFIGURABLE CONTROL SYSTEM FOR MACHINE TOOLS WITH  
A SWITCHABLE KINEMATIC AND VARIABLE EXECUTION FLOW OF THE 
KINEMATIC ALGORITHM  95 
Z. Dimić, S. Živanović, J. Vidaković, A. Dević 

 



xii 

10.  THE INFLUENCE OF DWELL TIME ON THE COLLECTED DATA DURING  
LINEAR DISPLACEMENT MEASUREMENTS OF MACHINE TOOLS  101 
A. B. Budimir, S. Tabaković, M. Zeljković, S. Živanović, Z. Dimić 

11.  LAYOUT SCHEDULING IN FUNCTION OF MATERIAL FLOW VARIANT TYPE  107 
M. Gajanin, S. Borojević, D. Kramar, G. Jotić, M. Marković 

12.  EXPERIMENTAL ANALYSIS OF NANO-FLUID BASED COOLING AND  
LUBRICATION INFLUENCE ON CUTTING FORCES IN MILLING  115 
B. Sredanovic, G. Globocki Lakic, D. Kozak, G. Simunovic 

13.  ENERGY CONSUMPTION MODELLING AND OPTIMIZATION IN HIGH  
EFFICIENCY MILLING  123 
B. Sredanovic, D. Cica, J. Markovic, D. Vujasin, G. Mijuskovic 

14.  STRATEGIC PROCESS PLANNING FOR PRISMATIC COMPONENTS: AN 
OPTIMIZATION APPROACH USING SOLIDCAM  131 
D. Božić, M. Milošević, J. Vukman, M. Đurđev, D. Lukić 

ENERGETICS	AND	THERMAL	ENGINEERING		 139	

1.  OCCURRENCE OF FATIGUE ON THE TURBINE AND HYDROMECHANICAL 
EQUIPMENT  141 
Srđan Bulatović, Vujadin Aleksić, Biljana Prochaska, Bojana Zečević 

2.  ANALYSIS OF POTENTIAL AND CONCEPTUAL DESIGN OF A WIND FARM  147 
V. Vilotijević, A. Dubljević, U. Karadžić 

3.  EMISSION OF NITROGEN OXIDES – REGULATION, REDUCTION AND  
CASE STUDY  155 
Luka Marinović, Dejan Mitrović 

4.  THE EFFECT OF SLIDING WINDOW TECHNIQUE ON DECISION TREE  
TIME SERIES FORECASTING IN DISTRICT HEATING SYSTEM  163 
Milica Tasic, Ivan Ciric, Vladan Jovanovic, Marko Ignjatovic, Dejan Mitrovic 

5.  TECHO-ECONOMIC ANALYSIS AND ENHANCING ENERGY EFFICIENCY  
IN A RESIDENTIAL BUILDING  171 
M. Velemir Radović, D. Nikolić, N. Popović 

6.  ENERGY EFFICIENCY ANALYSIS OF PUBLIC PRESCHOOL EDUCATION 
INSTITUTIONS  179 
M. Stanković, M. Mančić, M. Laković-Paunović, M. Rajić 

7.  EMHD FLOW AND HEAT TRANSFER OF NANOFLUIDS THROUGH  
A POROUS MEDIUM WITH THERMAL RADIATION  187 
J. D. Petrović, M. Nikodijević Đorđević, M. Kocić, J. Bogdanović Jovanović,  
Ž. Stamenković 

8.  EXAMINATION OF THE HUMIDITY OF WASTE AT THE NIS LANDFILL  195 
Ljubica Stojkovic, Dragoslav Pavlovic, Saša Pavlovic, Milan Grozdanovic,  
Vladan Jovanovic, Gradimir Cvetanovic 



xiii 

9.  ENERGY ANALYSIS OF THE PHOTOVOLTAIC APPLICATION ON THE SOLAR 
GREENHOUSES – CASE STUDY  199 
Danijela Nikolić, Nebojša Jurišević, Saša Jovanović, Zorica Đorđević,  
Minja Velemir-Radović 

10.  ADVANCED SOLAR ENERGY SYSTEMS: CURRENT STATE AND  
OPTIMIZATION STRATEGIES – A COMPREHENSIVE REVIEW  205 
E. Stefanoska, S. Stavreva, I. Andreevski, P. Živković, B. Dimovski,  
S. Popovska-Vasilevska 

11.  GEOTHERMAL WATER CHEMISTRY IN ICELAND AND SERBIA:  
IMPLICATIONS FOR ENERGY AND ENVIRONMENTAL APPLICATIONS  215 
D. C. Finger, D. Đorđević, E. J. Asbjornsson, A. Mihajlidi, S. Sakan 

12.  IMPROVEMENT OF RICE QUALITY BY APPLYING PROCESS OF PADDY  
PARBOILING  223 
F. Mojsovski, V. Mijakovski 

13.  MULTIDIMENSIONAL FEASIBILITY ASSESSMENT MODELS ARE VITAL  
FOR THE SUCCESSFUL DEPLOYMENT OF PICO-SCALE HYDROPOWER 
TECHNOLOGY IN WATER INFRASTRUCTURE  227 
Bjarnhedinn Gudlaugsson, Bethany Marguerite Bronkema,  
Ivana Stepanovic, David C. Finger 

14.  ESTIMATING HIGH HEATING VALUE OF SERBIAN COALS USING  
ULTIMATE ANALYSIS DATA  237 
Vladimir V. Jovanović, Mirko S. Komatina, Vasilije Manović 

15.  CFD MODELING OF MICROPOLAR FLUID FLOW  243 
Miloš Kocić, Živojin Stamenković, Jelena Petrović, Veljko Begović 

16.  A DETAILED PARAMETRIC ANALYSIS OF A STIRLING ENGINE  
COUPLED WITH A SOLAR DISH CONCENTRATOR  253 
Dimitrios N. Korres, Christos Sammoutos, Panagiotis Lykas,  
Saša R. Pavlović, Marko Peric, Evangelos Bellos 

17.  DECADE ANALYSIS OF KOPAONIK WIND ENERGY POTENTIALS  263 
P. Živković, J. Podunavac, E. Stefanoska, S. Stavreva, G. Cvetanović, C. Barz 

18.  ASSESSMENT OF THERMOPHYSICAL PROPERTIES OF NATURAL  
GAS / HYDROGEN BLENDS FOR INDUSTRIAL APPLICATIONS  269 
J. Podunavac, N. Tomić, P. Gruborović, M. Tomić, A. Anđelković, M. Kotur 

19.  INFLUENCE OF CROSSWIND INTENSITY ON THE PERFORMANCE  
OF AIRCOOLED CONDENSER  277 
J. Škundrić, I. Mujanić, D. Knežević, S. Laloš, M. Lazarević, D. Đurica 

20.  EXPERIMENTAL DETERMINATION OF SMALL FLOW RATES INSIDE  
HYDRAULIC COMPONENTS  285 
D. Knežević, S. Laloš, J. Škundrić, A. Kenjić 

 



xiv 

21.  HYDROPOWER RESERVOIR INFLOW FORECASTING USING TIME SERIES  
NEURAL NETWORKS  293 
B. Marinović, M. Kašiković, A. Anđelković 

22.  THE LCA ANALYSIS OF A SOLAR THERMOELECTRIC COOLING AND  
HEATING SYSTEM  297 
M. B. Pupčević, S. Papuga, M. Kotur, B. Knežević, M. Pokusova, D. Erceg 

23.  SIMULATION BASED ASSESSMENT OF UNUTILIZED PERFORMANCE  
OF AN INSTALLED ROOFTOP PHOTOVOLTAIC SYSTEM  307 
M. Mancic, M. Rajic, M. Lakovic, M. Djordjevic, M. Petronijevic, L. Pantic 

24.  A PRELIMINARY ASSESSMENT OF ENERGY RETROFITTING FOR  
SINGLE-FAMILY HOUSES IN MONTENEGRO  313 
Esad Tombarević, Milan Šekularac 

25.  OPTIMIZATION OF ENERGY CONSUMPTION IN THE PROCESS INDUSTRY  
BY APPLYING THE CRITICALITY ASSESSMENT ALGORITHM  319 
D. Branković, Z. Milovanović 

26.  ANALYSIS OF ENERGY EFFICIENCY OF BUILDINGS IN MONTENEGRO  
USING MEEC SOFTWARE  331 
J. Ćirković, M. Šekularac, E. Tombarević 

MECHANICS	AND	DESIGN		 341	

1.  DIAGNOSIS OF IDLER FAULTS UTILIZING SHORT TIME FOURIER  
TRANSFORM AND CONVOLUTIONAL NEURAL NETWORKS  343 
M. Milovančević, S. Stojičić, M. Miljanović, N. Simonović, D. Trnavac 

2.  WORKBENCH FOR VIBRATION TESTING OF ROLLING BEARINGS  355 
Radoslav Tomović, Aleksandar Tomović 

3.  USAGE OF PLANETARY GEAR TRAINS IN WIND TURBINE POWER  
TRANSMISSIONS  361 
J. Stefanović-Marinović, S. Troha 

4.  IMPACT OF A CUSTOMIZED SHAPE FUNCTION ON THE PREDICTION OF 
VIBRATIONS IN COMPOSITE LAMINATES USING SHEAR DEFORMATION  
THEORY  367 
A. Radaković, D. Čukanović, G. Bogdanović, A. Nešović, P. Knežević,  
N. Velimirović 

5.  HYDRODYNAMIC AND STRUCTURAL ANALYSIS OF AN OSCILLATING 
UNDERWATER ENERGY HARVESTER IN RIVER FLOW CONDITIONS  375 
C. Pareja, D. Finger, J. Rosselló 

6.  COMPARATIVE ANALYSIS OF THE ANALYTICAL AND NUMERICAL  
MODELS FOR DIFFERENT TYPES OF BEAM-TO-COLUMN CONNECTION  381 
M. Piskulic, R. Vujanac, A. Perovic, Z. Djordjevic, M. Blagojevic, N. Miloradovic 

 



xv 

7.  COMPARATIVE ANALYSIS OF APPLICATIONS OF DIFFERENT  
STORAGE SYSTEMS  389 
N. Miloradović, R. Vujanac 

8.  ANALYSIS OF THE STRESS-STRAIN STATE OF A COMPOSITE PRESSURE  
VESSEL  399 
I. Golubović, Z. Djordjević, S. Kostić, D. Nikolić 

9.  INFLUENCE OF KERR’S ELASTIC FOUNDATION ON FREE VIBRATION OF 
FUNCTIONALLY GRADED PLATE  405 
G. Bogdanović, D. Čukanović, A. Radaković, P. Knežević 

10.  THE INFLUENCE OF THE MOUNTING WAY AND ORIENTATION  
OF UNIVERSAL GEARED MOTOR REDUCERS WITH EXTERNAL HELICAL  
GEARS ON THE LOAD OF FOUNDATION BOLTS  411 
M. Rackov, M. Tica, I. Knežević, S. Kuzmanović 

11.  ANALYSIS OF ACOUSTIC EMISSION GENERATED BY DYNAMIC  
DISTURBANCES IN THE MECHANICAL SYSTEM  421 
V. Golubović-Bugarski, S. Petković, G. Globočki-Lakić, G. Tošić, G. Jotić 

MECHATRONICS	AND	ROBOTICS		 429	

1.  SPEED CONTROL OF A DC MOTOR BASED ON SYSTEM IDENTIFICATION  431 
D. Erceg, B. Z. Knežević, Z. Grahovac, M. Pupčević, R. Al Afif 

2.  AI-BASED ROBOT VISION ALGORITHM FOR FRUIT RIPENESS  
CLASSIFICATION  441 
N. Ivačko, D. Stojiljković, D. Jevtić, M. Simonović, I. Ćirić 

3.  MECHATRONIC APPROACH TO THE DESIGN AND ANALYSIS  
OF A CARTESIAN ROBOT  449 
A. Osmanović, M. Čabaravdić, B. Knežević, J. Halilović, K. Varda, D. Erceg 

4.  HYDRAULIC SYSTEM OF THE ACTIVE ABOVE-KNEE PROSTHESIS  459 
A. Tomovic, M. Damjanovic, R. Tomovic, N. Rasovic 

5.  DEVELOPMENT OF A ROBOTIC EXPERT CHESS-PLAYING SYSTEM  
BASED ON THE MINIMAX ALGORITHM  465 
S. Savić, D. Erceg, B. Z. Knežević, S. Grujičić 

6.  DESIGN OF REAL-TIME STEPPER CONTROLLER FOR 6DOF ROBOT ARM  475 
A. Dević, J. Vidaković, N. Živković, Z. Dimić 

AUTOMOTIVE	AND	TRANSPORTATION	ENGINEERING		 481	

1.  THE INFLUENCE OF THE SPOILER ON THE SPORT CAR AERODYNAMICS  
AND STABILITY  483 
N. Stojanović, A. Belhocine, Ž. Đurić, I. Grujić 

2.  ANALYTICAL DETERMINATION OF THE INFLUENCE OF EXPLOITATION 
CONDITIONS OF THE ELECTRIC VEHICLE BATTERY CAPACITY BY THE 
APPLICATION OF THE TAGUCHI METHOD  489 
I. Grujić, Ž. Đurić, N. Stojanović 



xvi 

3.  THE INFLUENCE OF THE APPLICATION OF TRIBOLOGICAL INSERTS  
ON THE TEMPERATURE OF THE FRICTION PAIR (PISTON-CYLINDER)  
IN AN IC ENGINE  495 
Ž. Đurić, J. Glišović, I. Grujić, N. Stojanović, S. Petković, A. Davinić 

4.  VEHICLE RIDE COMFORT: SUBJECTIVE & OBJECTIVE EVALUATIONS  
WITH ANN MODEL  505 
S. Mačužić Saveljić, I. Saveljić 

QUALITY	AND	ECOLOGY		 513	

1.  REENGINEERING REAL ESTATE BUSINESS PROCESSES – THE ROLE  
OF AI IN QUALITY MANAGEMENT  515 
M. Rajić, P. Milosavljević, Z. Stanković, M. Tadić 

2.  STRATEGIC INTEGRATION OF SWOT, PORTER’S FIVE FORCES, AND  
BLUE OCEAN STRATEGY FOR COMPETITIVE ADVANTAGE: A CASE STUDY  
ON STARTUPS IN SERBIA  525 
M. Rajić, Z. Stanković, P. Milosavljević, B. Maksimović 

3.  INNOVATING THE BUSINESS MODEL AS A STRATEGY FOR BUSINESS 
IMPROVEMENT  535 
A. Kitić, M. Radišić, M. Rajić 

4.  A LIFE CYCLE ASSESSMENT OF ENERGY HARVESTERS IN EUROPEAN  
WATER DISTRIBUTION NETWORKS: A CASE STUDY APPROACH  541 
B. Bronkema, B. Gudlaugsson, X. Escaler, D. Finger 

5.  ENVIRONMENTAL IMPACT ASSESSMENT USING THE PROMETHEE  
METHOD  549 
M. Dragić, N. Suvajčević 

6.  TPM AS A STRATEGIC TOOL FOR IMPROVING PRODUCTION  
PERFORMANCE – FLOW CHART  555 
Z. Tanasić, G. Janjić, M. Vuković, T. Berlec, N. Sremčev 

7.  MODELING DECISION TREE IN DISASSEMBLY PLANNING  
OF END-OF-LIFE PRODUCTS  561 
D. Mlivić, Z. Kunica, N. Tomičić 

8.  MULTICRITERIA ANALYSIS OF GLOBAL WARMING POTENTIAL IMPACT  
ON THERMAL INSULATION SELECTION: SCENARIOS AND SENSITIVITY 
ASSESSMENT  567 
Slobodan Peulić, Goran Janjić, Darija Gajić, Saša Čvoro 

9.  APPLICATION OF ENGINEERING METHODS IN THE PRODUCTION  
PROCESS OF PRECISION MACHINE PARTS  577 
M. Vuković, N. Sremčev, Z. Tanasić, G. Janjić, B. Kosec 

10.  MEASUREMENT ACCURACY ANALYSIS USING A COORDINATE MEASURING 
MACHINE  583 
G. Jotić, B. Štrbac, M. Ranisavljev, S. Borojević, M. Melichar, M. Hadžistević 



xvii 

11.  ENVIRONMENTAL AND MATERIAL OPTIMIZATION OF COMPRESSED  
HYDROGEN TRANSPORT FROM ICELAND TO THE UK  591 
Diego Augusto Costa, Bjarnhéðinn Guðlaugsson, Tariq Ahmed,  
Jinoop Arackal Narayanan, David Christian Finger 

12.  WASTE-TO-ENERGY METHODS AT THE NIS LANDFILL  597 
M. Milošević, Lj. Stojković, A. Boričić, A. Milošević 

MAINTENANCE	OF	ENGINEERING	SYSTEMS	AND	OCCUPATIONAL	SAFETY	
ENGINEERING		 601	

1.  THE IMPORTANCE OF TECHNICAL IMPROVEMENTS IN THE PREVENTION  
OF ACCIDENTAL SITUATIONS IN THE PROCESS INDUSTRY  603 
D. Branković, Z. Milovanović, B. Vranješ 

2.  AN ANALYSIS OF HUMAN HAND-ARM VIBRATIONS ON THE EXAMPLE OF 
WORKERS’ EXPOSURE TO VIBRATIONS IN ONE PRODUCTION COMPANY  609 
E. Ridžal, V. Golubović-Bugarski, B. Vranješ, G. Globočki-Lakić, M. Todić 

3.  ANALYSIS OF THE CAUSES OF ACCIDENTS ON MEANS OF WORK  
IN A MINING COMPANY – A CASE STUDY  619 
B. Vranješ, D. Branković, Z. Milovanović, M. Todić, M. Vajkić, Lj. Figun 

4.  VIBRATIONS AND NOISE AS INDICATORS OF DYNAMIC BEHAVIOUR  
OF MACHINE SYSTEM  625 
Neven Teinović-Čolić, Valentina Golubović-Bugarski, Milan Tica,  
Vladimir Risojević 

MATERIALS	AND	WELDING		 635	

1.  ANALYSIS OF THE IMPACT OF FILLER MATERIAL QUALITY ON WELD  
SEAM PROPERTIES IN THE MAG WELDING PROCESS  637 
Dragoslav Dobraš, Milisav Marković, Milan Marjanac 

2.  THERMAL PROPERTIES OF CU-AL-NI-MN SHAPE MEMORY ALLOY  641 
B. Karpe, B. Kosec, M. Bizjak, I. Ivanić, M. Gojić, A. Nagode 

 

  



389 

 
 
 

Comparative	analysis	of	applications	of	different	storage	
systems 

 

N. Miloradović 
a, R. Vujanac 

a 
 
a

 University	of	Kragujevac,	Faculty	of	Engineering,	Sestre	Janjic	6,	34000	Kragujevac,	Serbia	
 
 

Abstract	  This	paper	examines	the	impact	of	choosing	the	different	pallet	racks	and	material	handling	devices
on	the	storage	system	solution	and	transport	capacity.	Conceptual	solutions	were	presented	on	the
specific	 example	 of	 the	 proposed	 storage	 space	 and	 comparative	 analysis	 of	 the	 applications	 of	
different	systems	was	performed	with	the	goal	of	maximum	utilization	of	storage	space.	Comparative
analysis	of	the	storage	systems	was	performed	according	to	the	type	of	the	racks	and	the	storage	and
retrieval	machines.	The	pallet	racks	used	for	comparison	of	the	storage	spaces	are:	classic	pallet	racks,
double‐deep	pallet	racks,	mobile	pallet	racks,	flow‐through	pallet	racks,	drive‐in	and	drive‐through	
pallet	racks	and	push	back	pallet	racks.	The	transport	and	handling	equipment	used	to	service	the	
racks	are	 standard	 forklift,	 reach	 truck	and	very	narrow	aisle	 truck.	Warehouse	 capacity	directly
depends	on	the	types	of	convenient	storage	and	retrieval	equipment.	The	entrance	and	exit	are	on	the
different	sides	on	the	same	level	of	the	intended	storage	space.	For	all	the	types	of	the	warehouses,	the
layouts	of	the	pallet	racks	are	shown	and	the	realized	capacities	are	compared.	
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1. INTRODUCTION	
	
Modern production and distribution needs lead 
to intensive development of storage technology. 
Many existing storage systems very well fulfil the 
basic tasks of a warehouse - safe and efficient 
reception, storage and delivery of the largest 
possible quantity of goods, in the shortest 
possible time, within the smallest possible space 
and with as few workers as possible. However, 
each of the systems has its own advantages and 
disadvantages, so it is necessary to have a good 
knowledge about each of them in order to select 
the most suitable solution with the best 
characteristics. 

Structural design guidelines for all types of 
adjustable pallet racking systems (particularly 
for the self-sustaining warehouses, made of steel 
members that are subjected to seismic actions) 
can be found in special European standards and 
regulations [1]. The European Eurocode 3 
standard offers clear definitions for steel 
structures connections and joints, which should 
be used in modern technical practice [2]. The 
comprehensive study of the racking structure 
and the analysis of each element can be achieved 
by using the determined structural properties 
and by following the procedures from the code 
[3] and standard [4]. 
Conventional steel frame structures with free 
standing rack configurations have been often 
used for building the warehouses. However, with 
the advancement of technology, the rack 
supported warehouses became very popular 
storage solution [5]. 
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2. PALLET	RACKS		
 
Pallet racks make a system of mass storage of 
goods on pallets enabling the most efficient use 
of storage space and the smooth flow of 
transport and handling operations.  
Pallet racking storage system consists of the 
three basic elements: racks, pallets, and forklifts 
or handling equipment. Each of them is selected 
based on materials being stored, the storage 
requirements, operating and positioning 
systems and the applied management [6]. 
Since racking structures represent a very simple 
and economical solution for storing goods in a 
warehouse, a large number of types of the 
warehouse racking systems were developed.  
Spatial frame structure of the pallet racking 
system is made of the side frames and the 
horizontal beams, usually made of thin-walled 
cold-formed profiles, to make the pallet rack 
configuration. The rack stability in the cross-
aisle direction is provided by the horizontal and 
vertical bracing system of frames. The beam-to-
column connectors (as special parts) are welded 
to the beams or otherwise formed as an integral 
part of the beam. They have special devices like 
tabs, studs or hooks engaged in the perforations 
of the column. The stability of the rack in the 
direction of the corridor is ensured in this way, 
through the stiffness of the beam-to column 
connection. 
 
2.1 Selective pallet racking systems 
 
Selective pallet racking systems are the most 
common. They can accept a large number of 
different unit loads and allow direct access to the 
pallets. Their name implies that you can “select” 
a pallet without having to move other pallets out 
of the way, as shown in the Fig 1. 
 

 
 

Fig.	1.	Selective pallet racking systems 
 

This is the simplest and the cheapest type of 
pallet racks and it can work with any type of 
forklifts, without the need for specialized 
material handling equipment. The elements of 
the rack structure are assembled, which allows 
easy change of the height of each level and 
adjustment according to the user requirements 
for optimal use of available space. 
Very narrow aisle racking is a special case of 
selective racking with a minimum aisle width 
sufficient for straight-line passage of storage and 
retrieval machines. This type achieves very 
dense and space-efficient storage. 
Double deep pallet racking is an upgrade the of 
standard selective racking, where each pallet 
shelf holds two rows of pallets instead of one. 
Storage capacity is increased, the number of 
access aisles has been reduced, but access to the 
pallets is slower, Fig 2. 
 

 
 

Fig.	2.	Double deep pallet racking systems 
 
The main disadvantage is the need for 
specialized forklifts or standard forklifts 
equipped with attachments for double-depth 
handling, which leads to the higher operating 
costs and the requirement for well-trained 
operators. 
 
2.2 Mobile pallet racking systems 
 
Mobile pallet racking systems are innovative 
storage solutions designed to maximize the 
storage capacity by eliminating the need for 
multiple static aisles, Fig 3. 
The racking structure is assembled on a mobile 
base – a trolley, which moves on rails installed in 
the floor. The rails of the mobile racks are built 
into the floor, which allows for unhindered 
movement of forklifts. In this type of racking, 
there is only one aisle for pallet manipulation. By 
automatically opening the passage, the place 
intended for servicing is accessible. They are 
used in cases where the flow rate of stored goods 
is not primary. 
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Fig.	3.	Mobile pallet racking systems 
 
2.3 Drive-in and drive-through racking systems 
 
The basic principle of this storage system is to 
store the pallets, one after another, on the long 
rails supported by cantilever carriers on the rack 
columns. The goods are stored with regular front 
forklift that enters the rack tunnel. The system is 
efficient and achieves maximum utilization of 
storage space because there are no additional 
aisles and, therefore, no unused space, Fig 4. 
 

 
 

Fig.	4.	Drive-in and drive-through racking systems 
 
There are two possible ways to implement this 
racking system. The first is the Drive-In Rack, 
which is a rack system where access to the 
pallets is only possible from one side. It uses the 
FILO principle (“First In Last Out” – the pallet 
that is stored first is the last to leave the tunnel). 
The second type is the Drive-Through Rack 
system where the forklift can pass through the 
tunnel if there are no pallets in it, which 
corresponds to the FIFO system (“First In First 
Out” – the first pallet that enters the rack is the 
first to leave) [7]. 
 
2.4 Pallet flow racking system 
 
Pallet flow racking system is a pallet storage 
method that uses gravity and wheels or rollers, 
to transfer and store the pallets in a storage 

module, Fig 5. The movement of the pallets can 
be achieved in two basic ways: by gravitational 
force and by a special (driving) force. The 
storage unit moves due to gravitational force on 
the rollers placed at a certain slope, which ranges 
from 3% to 5%. When the tunnel is not inclined 
or the slope is too small to propel the unit, 
pneumatic, electric or hydraulic roller drives can 
be used. 
 

 
 

Fig.	5.	Pallet flow racking system 
 
Tracking of goods is simple, based on the FIFO 
principle, and the storage space is well utilized 
and filled. 
 
3. DESIGNING	LAYOUT	OF	PALLET	RACKS	
	
Conceptual solutions for pallet racking storage 
are obtained based on the following data: 
 
Warehouse type:  
 pallet racking warehouse. 

 
Warehouse dimensions:  
 length, L=50000 mm, 
 width, B=47500 mm, 
 width, H=13000 mm. 

 
The storage unit is a EURO pallet with 
dimensions:  
 length, a=1200 mm, 
 width, b=800 mm, 
 height, h=1200 mm, 
 load capacity, m=1000 kg. 

 
Transport and handling equipment:  
 front forklifts, 
 rack forklifts. 

 
Method of loading the storage unit:  
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 transversely, 
 longitudinally. 

 
Selection of the rack elements:  
 length of the storage unit beam, 

Lg=2600 mm. 
 pallet cross beams:  

 cross section, 50 mm  30 mm  1,5 mm. 
 load capacity, Q=1400 kg. 

 floor pitch, h=1500 mm. 
 
The working aisle dimensions between each rack 
and the rack's height depend on the 
characteristics of the forklift trucks, lifting 
devices, dimensions of the external structure 
and specific needs [8 - 10].  
Selective (classic) racks served by the front 
forklifts require larger passage between the 
racks and larger width of the manipulative 
passage, about 3500 mm.  
The rack layout is divided into two blocks, due to 
the existence of an input-output zone. Single-row 
racks are installed in four rows, with a frame 
depths of 800 mm and a bay widths of 2600 mm 
with two pallets inserted crosswise in each bay. 
Double-row racks are arranged in six rows with 
a rack spacing of 300 mm. Due to the entrance 
into the storage area, shorter racks are arranged 
on the one side. The width of the aisle for 
servicing the racks is 4375 mm. 
Figure 6 shows the layout of classic racks served 
by the front forklift. 
If the first floor is located on the ground, three 
rows of storage unit supports will be installed, 
which makes a total of four floors. 
Rack features are: 
 cross-loading – installation of cross beams, 
 two pallets in a row, 
 corridor width of 4375 mm, 
 the first floor is located on the ground, a 

total of four floors, 
 floor pitch of 1500 mm, 
 storage capacity of 2480 pallets. 

 
By using a racking forklift with a swivel head, the 
storage space capacity is increased. This type of 
forklift requires a smaller aisle width between 
the racks (around 1600 mm), while the 
maximum pallet lifting height is 10750 mm. 
 

 
 

Fig.	6.	Classic racks served by the front forklifts 
 
Since the rack aisles are now significantly 
narrower than in the previous solution, it is 
possible to install a larger number of racks in the 
same space. Single-row racks are installed in 
four rows, as in the first solution, while the 
number of double-row racks has increased to 12 
rows. Two pallets will be stored in a 2600 mm 
wide bin.  
The racks are divided into two blocks, due to the 
position of the input-output zone. The width of 
the corridor between the racks is 1700 mm. For 
the adopted floor pitch of 1500 mm, with using 
the aforementioned forklift, a total of seven 
floors can be accommodated. The first floor will 
be located on the ground, while the other six 
floors will be placed on the supports of the 
storage unit. 
Figure 7 shows the conceptual solution for the 
arrangement of classic racks served by a rack 
forklift with a swivel head. 
Rack features are: 

 cross-loading – installation of cross 
beams, 

 two pallets in a row, 
 corridor width of 1700 mm, 
 the first floor is located on the ground, 

seven floors in total, 
 floor pitch of 1500 mm, 
 capacity of 6160 pallets. 
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Fig.	7.	Classic racks served by the rack forklifts with 
a swivel heads 
 
By the use of forklifts with telescopic forks, the 
width of the aisles between the racks is further 
reduced, which allows for the installation of 
additional rows of racks in the warehouse.  
This type of forklifts has a lifting height of 10230 
mm and requires a minimum aisle width of 1200 
mm. The racks are placed on the left side and the 
right side of the entrance of the warehouse. The 
single-row racks are placed in four rows on both 
sides, with a frame depth of 800 mm and a width 
of 2600 mm. The number of double-row racks is 
increased to 14 rows, with spacing between the 
racks of 300 mm and the aisle width of 1200 mm. 
For the adopted floor pitch of 1500 mm, by using 
the aforementioned forklift, a total of seven 
floors are achieved in the warehouse space. 
Figure 8 shows the layout of classic racks served 
by a rack forklift with telescopic forks. 
Rack features are: 
 cross-loading – installation of cross beams, 
 two pallets in a row, 
 corridor width of 1200 mm, 
 the first floor is located on the ground, seven 

floors in total, 
 floor pitch of 1500 mm, 
 capacity of 7112 pallets. 

 

 
 

Fig.	8.	Classic racks served by the forklift trucks with 
telescopic forks  
 
Double-deep racks are designed to be serviced 
by the rack forklifts with telescopic forks that 
extend forward in order to reach the second in 
depth pallet into the rack. 
By using this type of the forklift, the minimum 
required aisle width between the racks is 3190 
mm, while the lifting height is 10500 mm. The 
racks are placed in two blocks, due to the 
entrance and exit from the storage space.  
For the defined aisle width between the racks of 
4150 mm, it is possible to accommodate 24 rows 
of double-deep racks on both sides. The depth of 
the racks is 800 mm, the width of the aisle is 
2600 mm, with transverse pallet insertion. 
Figure 9 shows the arrangement of the double-
deep racks in the storage area. 
Rack features are: 
 cross-loading – installation of cross beams, 
 two pallets in a row, 
 corridor width of 4150 mm, 
 the first floor is located on the ground, six 

floors in total, 
 floor pitch of 1500 mm, 
 capacity of 4608 pallets. 
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Fig.	9.	Double-deep racks served by the forklifts with 
telescopic forks 
 
Mobile racks are serviced, as a rule, by the front-
end forklifts. These forklifts require large aisle 
and handling space width of 3500 mm and reach 
the maximum lifting height of 5890 mm. Mobile 
racks are placed in four blocks, due to the 
columns located in the middle of the storage 
space. One row of racks is placed against the 
walls of the warehouse, towards which the other 
racks will move. Two racks are moved at a time, 
in order to achieve the servicing of the two rows 
of racks from one aisle, 3650 mm wide. The 
depth of the mobile rack frame is 800 mm, and 
the width of the aisle is 2600 mm. In this type of 
racking structure, the first row of storage unit 
supports is placed 200 mm above the floor. The 
floor pitch is 1500 mm and the total number of 
floors is four. 
Figure 10 shows the conceptual solution for 
mobile racks served by the front-end forklifts. 
Rack features are: 
 cross-loading – installation of cross beams, 
 two pallets in a row, 
 corridor width of 3650 mm, 
 the first floor not on the ground, four floors in 

total, 
 floor pitch of 1500 mm, 
 capacity of 7350 pallets. 

 

 
 

Fig.	10.	Mobile racks served by the front-end forklift 
 
The drive-through racks are serviced by the rack 
forklifts with the triplex mast. This type of 
forklifts has the lifting height of 11000 mm and 
requires the minimum aisle width of 2890 mm 
between the racks. The solution differs from the 
other types of racking design, because the pallet 
is stored on support rails that are laterally placed 
on the rack columns. The racks themselves are 
placed on both sides of the input-output zone. On 
the one side, 19 tunnels are placed in four blocks, 
while on the other side, 11 tunnels are placed, 
each 1450 mm wide. It is possible to store 11 
pallets per depth. Seven floors with 7920 pallet 
places were adopted. 
Figure 11 shows the layout of the drive-through 
racks. 
Rack features are: 
 cross-row storage, 
 aisle width of 3600 mm, 
 total of seven floors, 
 floor pitch of 1500 mm, 
 capacity of 7920 pallets. 
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Fig.	11.	Drive-through racks served by the rack 
forklift with triplex mast  
 
The flow-through racks are serviced by the 
triplex mast forklifts. This type of racking has a 
roller track in its design, along which the pallets 
move during loading. Pallet movement is 
achieved by gravity force and the rack tunnel has 
a 3% slope. 
The tunnels were installed in four blocks, 
because of the entrance and the exit of the 
storage space. On the one side, 13 tunnels were 
installed with two pallets in each tunnel, while 
on the other side, eight tunnels were installed 
with two pallets in each tunnel. In flow racks, 
pallet loading is longitudinal, so the width of the 
tunnel with two pallets is 2000 mm, and the 
length of the track is 16250 mm. 
The FIFO system was applied, so the corridors 
were installed on the both sides of the racks, 
each being 4000 mm wide. The warehouse has 
six floors with 6552 pallet spaces. 
The conceptual solution of the flow-through rack 
system is shown in Fig 12. 
Rack features are: 
 longitudinal stacking, 
 two pallets in a tunnel, 
 track length of 16250 mm, 
 corridor width of 4000 mm, 
 total of six floors, 
 floor pitch of 1500 mm, 
 capacity of 6552 pallets. 

 

 
 

Fig.	12.	Flow-through racks serviced by the rack 
forklift with the triplex mast  
 
4. COMPARATIVE	ANALYSIS	OF	PALLET	
STORAGE	SYSTEMS	

 
Comparative analysis shows how to achieve 
maximum storage space utilization by using the 
different types of racks and transport and 
handling equipment. Table 1 shows the 
comparative characteristics of the observed 
storage systems.  
 
Table	1.	Storage systems comparison table 

	 A	 B	

 Selective pallet racks 
B1	 B2	

 A1	 A2	 A3	

Cargo type pallet pallet pallet pallet pallet 

Space 
utilization      

Vertical 
utilization of 

space 
     

Pallet 
availability      

Storage of 
various 
goods 

     

FIFO/FILO 
principle 

FIFO FILO FIFO FILO FIFO 

Initial 
investment      
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Legend: 
 A - Direct pallet access racking solution 

 A1 - Selective pallet racks 
 A2 – Double-deep 
 A3 – Mobile 

 B - Deep pallet racking solution 
 B1 - Drive-through racking 
 B2 – Flow racking 
 A3 – Mobile 

 FIFO principle (“First in First Out”) 
 FILO principle (“First in Last Out”) 

 
 
In terms of the choice of transport and handling 
equipment, the best capacity is achieved by using 
the rack forklifts. By using these forklifts, the 
capacity of storage units is more than 50% 
higher than when working with a regular front-
end forklift. From the economic point of view, the 
rack forklifts are more expensive than the front-
end forklifts. Also, since the rack forklifts are 
used for servicing inside the storage space, the 
front-end forklift is still required to deliver 
pallets to the storage space and outside the rack 
aisle, which affects additional investment costs. 
Depending on the type of the racking 
construction, maximum utilization of the storage 
space is achieved by using the drive-through 
racks served by the triplex mast forklifts, up to 
7920 storage units. Drive-through racks do not 
require large initial investments in the 
construction itself.  
The mobile racks require large initial 
investment, but, due to the space used, they are 
generally more financially viable. They are 
served by front-end forklifts and they can store 
as many as 7350 pallets. 
The flow racks require large initial investment. 
By using the same forklift as for the drive-
through racks, they can store 6552 storage units 
in the same storage space. 
By using the classic racks, it is possible to achieve 
maximum utilization of the storage space, 
depending on the application of the transport 
and handling equipment. With serving with the 
front-end forklift truck, they achieve the capacity 
of 2480 pallets, while by using the rack forklifts 
with the swivel head and telescopic forks, the 
capacity increases to 6160 and 7112 pallets, 
respectively. The classic racks do not require 
large initial investments. 

Attention should also be paid to the accessibility 
of the storage unit itself and one should strive to 
ensure that each unit with different type of goods 
is directly accessible, in order to reduce the time 
it takes to retrieve the pallet from the rack. With 
double-deep racks, it is not possible to access 
every pallet, so it is necessary to define a priority 
during storage. By using the drive-through and 
the flow racks, the same type of goods can be 
stored in one rack aisle. Selective and mobile 
racks provide access to every pallet, because it is 
inserted and retrieved from the same place. 
The FIFO principle is the principle according to 
which the first pallet to be stored is the first to be 
removed from the rack. The main advantage is 
that the goods are taken in order, which is very 
important for perishable goods. The FILO 
principle is the principle where the first pallet to 
be stored is the last to be removed. The major 
disadvantage of this method of storage is that 
there is a possibility of the goods expiring. 
 
5. CONCLUSION	
 
The need to store as much goods as possible in 
as little storage space as possible is the result of 
vertical storage. Vertical storage allows for the 
availability of goods at all times. Depending on 
the type of goods being stored, the selection of 
the pallet racks and their elements, as well as 
transport and handling equipment, is made. 
Based on the investor's requirements, a 
conceptual solution for the storage space is 
designed, which achieves a high level of 
efficiency with the lowest possible costs. During 
the design, it is necessary to adequately define 
the following conditions: storage space, storage 
unit and transport and handling equipment.  
As part of the analysis of the storage systems, the 
comparison of conceptual solutions for storage 
space was carried out using different types of the 
racking structures served by the specific 
transport and handling equipment, according to 
the requirements of the already defined facility. 
The following principles should be taken into 
account when comparing the features of the 
combinations of the different pallet rack layouts 
and selection of the different storage and 
retrieval machines in the observed area [11]:  
 In order to make the storage corridors 

longer and less numerous, the racks should 
be placed along the longer side of the 
observed storage space. Thus, the transport 
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routes will be shortened, increasing the 
economic justification of the racks. 

 Placement of the racks in the two different 
directions in the same area should be 
avoided, because the transport routes can 
cross and a lot of space is needed for 
manipulation. 

 The single-row rack should be placed 
against the wall of the storage. 

 Corridors should not be placed along the 
perimeter of the walls of the storage. 
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