University of Banja Luka
Faculty of Mechanical Engineering

15th International Conference on
Accomplishments in Mechanical and
Industrial Engineering

PROCEEDINGS

~
-
=




University of Banja Luka
Faculty of Mechanical Engineering

PROCEEDINGS
DEMI 2021

Banja Luka, May 2021



15th INTERNATIONAL CONFERENCE ON ACCOMPLISHMENTS IN
MECHANICAL AND INDUSTRIAL ENGINEERING

DEMI 2021

Supported by:

MINISTRY OF SCIENTIFIC AND TECHNOLOGICAL DEVELOPMENT,
HIGHER EDUCATION AND INFORMATION SOCIETY OF THE REPUBLIC OF SRPSKA

Organizer and publisher:

FACULTY OF MECHANICAL ENGINEERING
UNIVERSITY OF BANJA LUKA

Co-organizer:

FACULTY OF MECHANICAL ENGINEERING,
UNIVERSITY OF NIS, SERBIA

FACULTY OF MECHANICAL ENGENEERING PODGORICA,
UNIVERSITY OF MONTENEGRO, MONTENEGRO

FACULTY OF ENGINEERING,
HUNEDOARA, ROMANIA

FACULTY OF ENGINEERING RESITA,
BABES-BOLYAI UNIVERSITY, ROMANIA

For publisher:
Full. Prof. Aleksandar Milasinovi¢, PhD

Editor in chief:
Assoc. Prof. Stevo Borojevi¢, PhD

Executive editor:
Biljana Prochaska, MSc

iii



ORGANIZING COMMITTEE

Chairman of the Organizing Committee: Assoc. Prof. Stevo Borojevi¢, PhD, PhD, Faculty of

Mechanical Engineering, University of Banja Luka

Full. Prof. Darko KneZevi¢, PhD
Full. Prof. Aleksandar Milasinovi¢, PhD
Assoc. Prof. Zorana Tanasi¢, PhD
Full. Prof. Igor VuSanovi¢, PhD (Podgorica),
Assoc. Prof. Dejan Mitrovi¢, PhD (Nis),

Assoc. Prof. Sorin loan Deaconu PhD, (Hunedoara, Rumunija),
Lecturer Relu Costel Cioubotariu, PhD (ReSica, Rumunija),
Assist. Prof. Branislav Sredanovi¢, PhD
Assist. Prof. Bojan KneZevi¢, PhD
Assist. Prof. Milovan Kotur, PhD
Sen. Assist. Sasa Lalos, MSc
Sen. Assist. Danijela Kardas, MSc
Sen. Assist. Gordana ToSi¢, MSc
Assist. Sasa Tesi¢, MSc
EFL Lecturer Sanja Maglov, MSc
Biljana Prochaska, MSc
Boro Mari¢, BSc
Nedeljka Sladojevi¢ Putnik, BSc

Milivoj Stipanovié.



SCIENTIFIC COMMITTEE

Chairman of the Scientific Committee: Prof. Porde Ci¢a, PhD, Faculty of Mechanical
Engineering, University of Banja Luka

Prof. Darko KneZevi¢, PhD, Faculty of Mechanical Engineering, University of Banja Luka; Prof.
Radivoje Mitrovi¢, PhD, Faculty of Mechanical Engineering, University of Belgrade; Prof.
Vlastimir Nikoli¢, PhD, Faculty of Mechanical Engineering, University of Nis; Prof. Nenad D.
Pavlovi¢, PhD, Faculty of Mechanical Engineering, University of NiS; Prof. Igor VuSanovi¢, PhD,
Faculty of Mechanical Engineering Podgorica, University of Montenegro; Prof. Gelu Ovidiu
Tirian, PhD, University Politehnica Timisoara, Romania; Prof. Gilbert-Rainer GILLICH, PhD,
Faculty of Engineering Resita, Babes-Bolyai University; Prof. Dejan Luki¢, PhD, Faculty of
Technical Sciences, University of Novi Sad; Prof. Sa$a Zivanovi¢, PhD, Faculty of Mechanical
Engineering, University of Belgrade; Prof. Mijodrag MiloSevi¢, PhD, Faculty of Technical
Sciences, University of Novi Sad; Prof. Aleksandar MilaSinovi¢, PhD, Faculty of Mechanical
Engineering, University of Banja Luka; Prof. Izet Bjelonja, PhD, Faculty of Mechanical
Engineering, University of Sarajevo; Senior Researcher Alexsander Michailov, PhD, 0AO NPO
“Saturn”, Russia; Prof. Dorian Nedelcu, PhD, Faculty of Engineering Resita, Babes-Bolyai
University; Assist. Prof. Alexander Remizov Evgenyevich, PhD, Rybinsk State Aviation
Technical University, Russia; Prof. Milan Zeljkovi¢, PhD, Faculty of Technical Sciences,
University of Novi Sad; Prof. Franci PuSavec, PhD, Faculty of Mechanical Engineering,
University of Ljubljana; Prof. Miodrag Mani¢, PhD, Faculty of Mechanical Engineering,
University of NiS; Prof. Mileta Janji¢, PhD, Faculty of Mechanical Engineering Podgorica,
University of Montenegro; Assist. Prof. Davorin Kramar, PhD, University of Ljubljana, Slovenia;
Prof. Simo Jokanovi¢, PhD, Faculty of Mechanical Engineering, University of Banja Luka; Prof.
Gordana Globocki-Laki¢, PhD, Faculty of Mechanical Engineering, University of Banja Luka;
Prof. Ardelean Erika, PhD, University Politehnica Timisoara, Romania; Prof. Petar Gvero, PhD,
Faculty of Mechanical Engineering, University of Banja Luka; Prof. Slobodan Lubura, PhD,
Faculty of Electrical Engineering, University of East Sarajevo; Prof. Sanda Midzi¢ - Kurtagic,
PhD, Faculty of Mechanical Engineering, University of Sarajevo; Assist. Prof. Srdan Vaskovic,
PhD, Faculty of Mechanical Engineering, University of East Sarajevo; Prof. Dragica Milenkovic,
PhD, Faculty of Mechanical Engineering, University of NiS; Prof. Bratislav Blagojevi¢, PhD,
Faculty of Mechanical Engineering University of NiS; Prof. Milan Radovanovi¢, PhD, Faculty of
Mechanical ngineering, University of Belgrade; Prof. Dragoslava Stojiljkovi¢, PhD, Faculty of
Mechanical Engineering, University of Belgrade; Prof. Nebojsa Manié, Ph, Faculty of
Mechanical Engineering, University of Belgrade; Prof. Dunja Martinovi¢, PhD, Faculty of
Mechanical Engineering, University of Sarajevo; Prof. Milan Leci¢, PhD, Faculty of Mechanical
Engineering, University of Belgrade; Prof. Neven Dui¢, PhD, Faculty of Mechanical Engineering
and Naval Architecture, University of Zagreb; Prof. Vojislav Novakovi¢, PhD, NTNU, Norway;

Vi



Prof. Milan Rackov, PhD, Faculty of Technical Sciences, University of Novi Sad; Prof. Mirko
Blagojevi¢, PhD, Faculty of Engineering Sciences, University of Kragujevac; Prof. Natasa
TriSovi¢, PhD, Faculty of Mechanical Engineering, University of Belgrade; Prof. Mladomir
Milutinovi¢, PhD, Faculty of Technical Science, University of Novi Sad; Prof. Drazan Kozak,
PhD, University of Josip Juraj Strossmayer in Osijek, Croatia; Prof. Predrag Kozi¢, PhD, Faculty
of Mechanical Engineering, University of NiS; Prof. Dragan Milc¢i¢, PhD Faculty of Mechanical
Engineering; University of Nis; Prof. Radoslav Tomovi¢, PhD; Faculty of Mechanical
Engineering Podgorica; University of Montenegro; Prof. Janko Jovanovi¢, PhD; Faculty of
Mechanical Engineering Podgorica; University of Montenegro; Prof. NebojSa Radi¢, PhD;
Faculty of Mechanical Engineering; University of East Sarajevo; Prof. Valentina Golubovi¢ -
Bugarski, PhD; Faculty of Mechanical Engineering; University of Banja Luka; Prof. Strain
Posavljak, PhD; Faculty of Mechanical Engineering; University of Banja Luka; Prof. Dong
Leiting, PhD; Beijing University of Aeronautics & Astronautics; China; Prof. Atul Bhaskar, PhD;
University of Southampton; United Kingdom; Assist. Prof. Milan Rakita, PhD; Perdue
University; USA; Prof. Halil Caliskan, PhD; Bartin University; Turkey; Prof. Socalici Ana, PhD;
University Politehnica Timisoara; Romania; Prof. Milan Tica, PhD; Faculty of Mechanical
Engineering; University of Banja Luka; Prof. Milan Baji¢, PhD; Faculty of Mechanical
Engineering; University of NiS; Prof. Zoran Bucevac, PhD; Faculty of Mechanical Engineering;
University of Belgrade; Prof. RadiSa Jovanovi¢, PhD; ; Faculty of Mechanical Engineering;
University of Belgrade; Prof. Aleksandar Sedmak, PhD; Faculty of Mechanical Engineering;
University of elgrade; Prof. Branko Blanusa, PhD; Faculty of Electrical Engineering; University
of Banja Luka; Prof. Marina Mijanovi¢ Markus, PhD; Faculty of Mechanical Engineering
Podgorica; University of Montenegro; Prof. Miroslav Rogi¢, PhD; Faculty of Mechanical
Engineering; University of Banja Luka; Prof. Dejan Mitrovi¢, PhD; Faculty of Mechanical
Engineering; University of NiS; Prof. Goran Janevski, PhD; Faculty of Mechanical Engineering;
University of NiS; Prof. Uro§ Karadzi¢, PhDFaculty of Mechanical Engineering Podgorica;
University of Montenegro; Prof. Milan Petrovi¢, PhD; Faculty of Mechanical Engineering;
University of Belgrade; Prof. Predrag Cosi¢, PhD; University of Zagreb; Croatia; Prof. Deaconu
Sorin, PhD; University Politehnica Timisoara; Romania; Prof. Bordeasu Ilare, PhD; University
Politehnica Timisoara; Romania; Prof. Zdravko Milovanovi¢, PhD; Faculty of Mechanical
Engineering; University of Banja Luka; Prof. dr Vinko Babi¢, PhD; Faculty of Mechanical
Engineering; University of Banja Luka; Prof. Jovanka Luki¢, PhD; Faculty of Engineering
Sciences; University of Kragujevac; Prof. Dragan Taranovi¢, PhD; Faculty of Engineering
Sciences; University of Kragujevac; Prof. Goran Petrovi¢, PhD; Faculty of Mechanical
Engineering; University of NiS; Prof. Radoje Vujadinovi¢, PhD; Faculty of Engineering Sciences;
University of Kragujevac; Prof. SneZana Petkovi¢, PhD; Faculty of Mechanical Engineering;
University of Banja Luka; Prof. Miodrag HadZistevi¢, PhD; Faculty of Technical Sciences;
University of Novi Sad; Prof. Milorad Panteli¢, PhD; Technical Faculty Cacak; University of
Kragujevac; Prof. Bratislav Blagojevi¢, PhD; Faculty of Mechanical Engineering; University of

Ni$; Prof. Peda Milosavljevi¢, PhD; Faculty of Mechanical Engineering; University of NiS; Prof.

vii



Jelena Jovanovi¢, PhD; Faculty of Mechanical Engineering Podgorica; University of
Montenegro; Prof. Mladen Todi¢, PhD;; Faculty of Mechanical EngineeringUniversity of Banja
Luka; Prof. Milija KrajiSnik, PhD; Faculty of Mechanical Engineering; University of East
Sarajevo; Prof. Ilija Cosi¢, Emeritus; Faculty of Technical Sciences; University of Novi Sad; Prof.
Zorana Tanasi¢, PhD; Faculty of Mechanical Engineering; University of Banja Luka; Prof. Mirko
Sokovi¢, PhD, University of Ljubljana, Slovenia; Prof. Miroslav Bobrek, PhD; Faculty of
Mechanical Engineering; University of Banja Luka; Prof. Goran Janji¢, PhD; Faculty of
Mechanical Engineering; University of Banja Luka; Prof. Igor Budak, PhD; Faculty of Technical
Sciences; University of Novi Sad; Prof. Tiomir Latinovi¢, PhD; Faculty of Mechanical
Engineering; University of Banja Luka; Prof. Sead PasSi¢, PhD; Faculty of Mechanical
Engineering, "DZemal Bijedi¢"; University in Mostar; Prof. Borut Kosec, PhD; Faculty of
Natural Sciences and Engineering; University of Ljubljana; Prof. Darko Baji¢, PhD; Faculty of
Mechanical Engineering Podgorica; University of Montenegro; Prof. Dragoslav Dobras, PhD;
Faculty of Mechanical Engineering; University of Banja Luka; Prof. Kiss Imre, PhD; University
Politehnica Timisoara; Romania; Senior Scient.Eng. Milica Grahovac, PhD; Lawrence Berkeley
National Laboratory USA; Prof. Doina Frunzaverde, PhD; Faculty of Engineering Resita; Babes-
Bolyai niversity; Prof. Calin Octavian Miclosina, PhD; Faculty of Engineering Resita; Babes-
Bolyai University; Prof. Gordana Stefanovic, PhD; Faculty of Mechanical Engineering;
University of Nis.

viii



CONTENT

KEYNOTE LECTURE 1
PROGRAMMING OF MACHINE TOOLS AND ROBOTS FOR MACHINING USING STEP- 3
NC IN THE ERA OF INDUSTRY 4.0
Saga Zivanovié, Nikola Slavkovié¢
RECENT TRENDS IN ENERGY EFFICIENT AC MOTOR DRIVES 27
Darko Marceti¢
COMPARATIVE STUDIES ON THE MICROSTRUCTURE AND CORROSION 36
BEHAVIOUR OF FORGED AND SLM PROCESSED
316L STAINLESS STEEL
D. Woelk, N. Kazamer, G. Margineana

43
PRODUCTION AND COMPUTER-AIDED TECHNOLOGIES
IRONING PROCESS IN CONDITIONS OF CONSTANT AND VARIABLE LATERAL 45
FORCE
S. Djacic, S. Aleksandrovic, D. Arsic, M. Delic, V. Lazic
POROSITY DISTRIBUTION IN METAL INJECTION MOLDED PARTS 51
Samir Butkovi¢, Emir Sari¢, Muhamed Mehmedovié
3D PRINTING: TECHNOLOGY, MATERIALS, AND APPLICATIONS IN THE 55
MANUFACTURING INDUSTRY
S. Purovié, D. Lazarevi¢, Z. Sarkocevié, M. Blagojevié, . Stanojkovié
EFFECTS OF SHAPE OPTIMIZATION ON THE 10 BAR TRUSS EXAMPLE 61
N. Petrovic, N. Kostic, N. Marjanovic
EXPERIMENTAL RESEARCH OF SURFACE ROUGHNESS IN POWDER MIXED 65
ELECTRIC DISCHARGE MACHINING
D. Rodic, M. Gostimirovic, M. Sekulic, B. Savkovic, N. Kulundzic, A. Aleksic
ANALYSIS OF CUTTING FORCES IN HYBRID TURNING AIDED BY GAS COMBUSTION 71
HEATING OF WORKPIECE
B. Sredanovié, . Ci¢a, S. Borojevi¢, S. Tesi¢, D. Kramar
ADVANCED METAL FORMING TOOLS AS A MAIN LINK OF DIGITAL 77

MANUFACTURING
[li¢ Jovica, Milutinovi¢ Mladomir, Kraisnik Milija, Markovi¢ Milisav

ix



10

11

12

13

IMPROVEMENT OF BRAKE TRIANGLE THROUGH APPLICATION OF REVERSE
ENGINEERING AND RAPID PROTOTYPING
P. beki¢, B. Milutinovi¢, M. Risti¢, M. Pavlovié¢, M. Nikoli¢

ENERGY CONSUMPTION MODEL OF THE FACE MILLING
S. Tesic, Dj. Cica, M. Zeljkovic, S. Borojevic, B. Sredanovic, G. Jotic

MODERN APPROACH IN PROCESS PLANNING AND OPTIMIZATION OF THE
PRODUCT MANUFACTURING
D. Luki¢, M. MilosSevi¢, R. Cep, I. Kuric, M. Kljunovi¢, M. Zagori¢nik

EFFECT OF VARIOUS FLUID FLOW ON TEMPERATURE OF AN ANGULAR CONTACT
BALL BEARINGS IN MOTORIZED SPINDLE
M. KneZev, M. Zeljkovi¢, C. Mladenovi¢, H. Smaji¢, A. Stekolschik, A. Zivkovié

KNEE PROSTHESIS BIOMATERIAL SELECTION BY USING MCDM SOLVER
D. Petkovi¢, M. Madi¢, G. Radenkovié

AN OPEN ARCHITECTURE CONTROL SYSTEM FOR MULTI-AXIS WOOD CNC
MACHINING CENTER
S. Zivanovi¢, Z. Dimi¢, A. Rakié¢, M. KneZevié, S. Mitrovi¢

81

89

94

102

107

113

ENERGETICS AND THERMAL ENGINEERING

MONITORING OF THERMAL STRESSES OF HOT WATER BOILER TUBE PLATE IN
REGIME OF STARTING UP
Dragoljub Zivkovié¢, Milena Raji¢, Milan Bani¢, Marko Manci¢

PERSPECTIVES OF HYDROPOWER POTENTIALS IN REPUBLIKA SRPSKA
0. Kasikovi¢, D. Golubovié, D. Milié

COMPUTATIONAL INVESTIGATION OF HOT AIR GENERATION SYSTEM USING
PELLETS FOR DRIVING AN ABSORPTION PROCESS
M. Ili¢, V. Stefanovig, S. Pavlovi¢, M. Grozdanovi¢, G. Ili¢

REVIEW OF SOLAR DISH STIRLING ENGINES FOR MICRO-COGENERATION
M. Grozdanovi¢, V. Stefanovi¢, S. Pavlovi¢, M. Lakovi¢-Paunovié, M. Ili¢, N. Tomi¢

INFLUENCE OF BUILDING ENVELOPE ON BUILDING ENERGY CONSUMPTION
J. Skerli¢, D. Nikoli¢, ]. Radulovi¢, A. Radojevi¢, M.Djordjevi¢, A.Miskovi¢

121
123

133

141

147

153



10.

11.

12.

13.

14.

15.

16.

EXPERIMENTAL INVESTIGATION OF HYDROGEN ENGINE WORKING CYCLE
WITH A LEAN MIXTURE
I. Gruji¢, N. Stojanovi¢, A. Davini¢, R. PeSi¢

INTEGRATION OF LARGE-SCALE HEAT PUMPS IN THE DISTRICT HEATING
SYSTEM OF SKOPJE
Igor Shesho, Done Tashevski, Risto Filkoski, Monika Uler-Zefikj

POSSIBILITY FOR ENERGY SAVING IN SERBIAN BUILDING WITH
PHOTOVOLTAIC-THERMAL COLLECTORS
D. Nikoli¢, J. Skerli¢, J. Radulovig, V. Sustersic, A. Radojevig, 1. Terzi¢

EXPERIMENTAL INVESTIGATIONS OF FSI MECHANISMS IN PIPELINE SYSTEMS
R. Brdanin, U. KaradZi¢, A. Bergant, J. Ili¢

THE USE OF PASSIVE TECHNIQUES TO IMPROVE HEAT TRANSFER IN PELLET
STOVE
M. Jovcevski, M. Lakovi¢, F. Stojkovski, M. JovCevski, M. Manci¢, S. Pavlovi¢

THE IMPACT OF THERMAL POWER PLANTS ON RIVER THERMAL POLLUTION -A
CASE STUDY
M. Lakovi¢ M. Jovcevski, F. Stojkovski, V. Stefanovi¢, M. Mancié,M. Raji¢

NUMERICAL INVESTIGATION OF CENTRIFUGAL PUMP WITH CYLINDRICAL
BLADES AND DIFFERENT BLADE WRAP ANGLE
J. Bogdanovié Jovanovié, Z. Stamenkovi¢, M. Kocié, ]. Petrovié

DESIGN OF THE AIR CONDITIONING SYSTEM IN THE DATA CENTER
S. Stavreva, M. Serafimov, C. Dimitrieska, K. Popovski

THE USE FLAT PLATE COLLECTORS IN A PUMPED THERMAL ENERGY STORAGE
LATENT SYSTEM
S. Pavlovi¢, E. Bellos, V. Stefanovi¢, M. 1li¢,, M. Grozdanovi¢, C. Tzivanidis

ENERGY MANAGEMENT TO LOW-CARBON CITIES: THE EXAMPLE OF THE CITY
OF KRAGUJEVAC
A. Radojevi¢, D. Nikoli¢, J. Skerli¢, J. Radulovié

ANALYSIS OF SEASONAL DEVIATIONS INFLUENCE ON AIR-COOLED CONDENSER
PERFORMANCES
J. Skundrié, P. Zivkovié, D. Mitrovi¢, M. Vukié, D. Purica, B. Bati¢

159

163

173

180

185

192

199

205

210

216

222

Xi



17.

18.

19.

DOMESTIC WASTEWATER TREATMENT IN THE RURAL AREAS OF THE
REPUBLIC OF SERBIA
N. Aleksi¢, V. Sustersi¢, J. Nikoli¢, N. Raki¢, D. Gordi¢

OPTIMIZATION OF THE COOLING SYSTEM OF THE REFRIGERATED DISPLAY
CASE IN THE SUPERMARKET
Ivan Raji¢, Diana Bogdan, Petar Gvero

INFLUENCES ON URBAN AIR QUALITY IN THE CITY OF NIS
P. Zivkovi¢, M. Tomi¢, J. Janevski, M. Vuki¢, B. Radovanovi¢

229

237

2472

xii

MECHANICS AND DESIGN

COMPARATIVE FREE VIBRATION ANALYSIS OF FG PLATE AND FG PLATE
RESTING ON AN ELASTIC FOUNDATION
D. Cukanovi¢, D. Milosavljevi¢, G. Bogdanovi¢, A. Radakovi¢, N. Velimirovié

PROPAGATION OF ELASTIC WAVES IN ISOTROPIC AND ANISOTROPIC MEDIA
A. Radakovi¢, D. Milosavljevi¢, G. Bogdanovi¢, D. Cukanovi¢, N. Velimirovi¢

SOLVING NONLINEAR PROBLEMS IN MECHANICS USING SIMULATION
I. Terzic, M. Todorovic, S. Aleksandrov, G. Miodragovic

GEARS REPLACEMENT OF MINUTEMAN COVER DRIVE PLANETARY GEAR TRAIN
J. Stefanovi¢-Marinovié, S. Troha, Z. Vrcan, K. Markovi¢, A. Solji¢

ESTIMATION OF THE REMAINING LIFE OF THE HIGH PRESSURE PIPELINE IN
THE THERMAL POWER PLANT
K. Maksimovi¢, S. Posavljak, M. Maksimovi¢, I. Vasovi¢ Maksimovi¢

INFLUENCE OF CYCLOID DISK PROFILE CORRECTION ON CONTACT FORCE
T. Macki¢, N. Marjanovié, G. Jotié, M. Tica, Z. Purié¢

UPRIGHT AND FRAME PROTECTIVE COMPONENTS OF PALLET RACKING
R. Vujanac, N. Miloradovic, L. Petrovic, P. Zivkovic

STRUCTURAL FEM ANALYSIS OF AN AIRCRAFT PISTON ENGINE CYLINDER
ASSEMBLY AT ELEVATED TEMPERATURE
N. Vuceti¢, R. Antunovi¢, B. Krstié, D. Jeremic

FATIGUE ENDURANCE ANALYSIS OF A SURFACE STRESS RAISER
Slobodanka Boljanovi¢, Strain Posavljak, Stevan Maksimovi¢

251
253

258

265

271

276

282

286

291

299



MECHATRONICS 305
UPGRADING OF THE HYDRAULIC SYSTEM BY INSTALLING A FREQUENCY 307
CONVERTER

J. Eric Obucina, S. Stankovski, G. Ostojic, S. Aleksandrov

A NEW CONCEPT OF ROBOTIC PLANT PROTECTION IN GREENHOUSES 313
B. Z. Knezevic, A. Gojkovic, Z. Gajic, S. Mitric

AUTOMOTIVE AND TRANSPORTATION ENGINEERING 321
EXPERIMENTAL DETERMINATION OF THERMAL STRESSES DISK BRAKES IN 323
DEPENDING FROM THE BRAKING PRESSURE AND VEHICLE SPEED

N. Stojanovi¢, 1. Gruji¢, J. GliSovié

POSSIBILITY OF IMPLEMENTING THE LEAN SIX SIGMA CONCEPT 330
ON LOGISTICS PROCESSES

N. Simié¢, A. Stankovié, I. MacuzZié, G. Petrovié¢

AN OVERVIEW OF NON-EXHAUST BRAKE EMISSION MEASURING METHODS 339
S. Vasiljevi¢, J. Glisovi¢, N. Stojanovié, 1. Gruji¢

APPLICATION OF HYBRID COMPOSITES BASED ON ZA27 ALLOY IN 349
AUTOMOTIVE INDUSTRY

D. Miloradovié, N. Miloradovi¢, . GliSovi¢, B. Stojanovi¢, R. Vujanac

MATERIALS SCIENCE 355
OPTIMIZATION OF HYBRID ZA-27 NANOCOMPOSITES USING ANOVA AND ANN 357
ANALYSIS

S. Gajevi¢, S. Miladinovié¢, O. Giiler, H. Cuvalci, N. Miloradovi¢, B. Stojanovi¢

THERMAL PROPERTIES OF ARMOUR STEEL PROTAC 600 363
M. LeSnjak, B. Kosec, B. Karpe, G. Janji¢, M. Goji¢, . Bernetic, G. Kosec

THE MATERIAL SELECTION OF THE HEATING PLATES USED IN THE 367

VULCANIZATION PROCESS OBTAINED USING DIFFERENT MCDM METHODS
J. Mihajlovi¢, G. Petrovi¢, D.Ciri¢, M. Madi¢

xiii



Win7
Rectangle


HIGH STRENGTH LOW-ALLOY STEELS IMPACT TOUGHNESS ASSESSMENT AT
DIFFERENT TEST TEMPERATURES
S. Bulatovi¢, V. Aleksic¢, Lj. Milovi¢, B. Zecevic

CAVITATION EROSION BEHAVIOR OF ALUMINIUM BASED ALLOYS
M. Cosié, S.Boljanovié, M. Doj¢inovié

INFLUENCE OF THE POLYMER MATRIX TYPE ON CAVITATION RESISTANCE OF
COMPOSITES
M. Dojc¢inovi¢, M. Pavlovié, S. Jezdimirovi¢, B. Puri¢, A. Cvetkovié

375

379

383

X1V

QUALITY AND ECOLOGY

ENERGY MANAGEMENT SYSTEM APPLICATION IN HEALTHCARE
Milena Raji¢, Rado Maksimovi¢, Peda Milosavljevi¢, Dragan Pavlovic¢

DUST PARTICLES EMISSIONS AT STEEL CUTTING AND WELDING PROCESSES
L. Cigi¢, B. Kosec, M. Ili¢ Mi¢unov¢, D. Klobcar, Z. Tanasi¢, B. Karpe,
A. Nagode

ANALYSIS OF ENERGY SAVING OPPORTUNITIES IN THE BUILDING, TRANSPORT
AND PUBLIC LIGHTING SECTORS IN LOCAL COMMUNITIES
H. Muratovi¢, S. MidZi¢ Kurtagi¢, S. Arnaut, F. Corovié, E. Mani¢

STRATEGIC ANALYSIS OF THE POSSIBILITY OF STARTING THE PRODUCTION OF
FAST - GROWING PAULOWNIA TREE
G. Janji¢, M. Radakovi¢, Z. Tanasi¢, B. Kosec, D. Kardas Anci¢

BUSINESS PROCESS IMPROVEMENT IN THE AUTOMOTIVE INDUSTRY - QUALITY
METHODS AND TOOLS
Z. Tanasi¢, A. Joki¢, G. Janji¢, M. Bobrek, B. Kosec

COMPARATIVE STUDY OF DIFFERENT OPTICAL COORDINATE MEASUREMENT
SYSTEMS
G.]Joti¢, B. Strbac, S. Tesi¢, M. HadZistevié

KNOWLEDGE MANAGEMENT AS A TOOL FOR MANAGEMENT QUALITY
IMPROVEMENT
M. Bobrek, Z. Tanasic, G. Janjic, K. Macanovi¢

CONTAMINANTS IN USED ENGINE OIL AND THEIR IMPACT ON THE
ENVIRONMENT AND HUMAN HEALTH
S. Ratiu, A. Josan, V.G. Cioata, I. Kiss

387
389

399

405

415

423

431

436

440



MAINTENANCE OF ENGINEERING SYSTEMS AND OCCUPATIONAL SAFETY
ENGINEERING

THE INFLUENCE OF THE APPLICATION OF TECHNICAL DIAGNOSTIC ON THE
EFFICIENCY OF THE INDUSTRIAL SYSTEM
D. Brankovi¢, Z. Milovanovié

OCCUPATIONAL INJURY ANALYSIS ACCORDING TO THE INJURED PART OF THE
BODY IN THE FUNCTION OF RISK MANAGEMENT
Msc Mile Vajki¢, PhD Biljana Vranjes, PhD Evica Stojiljkovi¢

EXPOSURE OF PRODUCTION WORKERS TO STRESS
K. Mijanovi¢, M. Jukié, J. Mijanovié¢-Juki¢, J. Kopac

ANALYSIS OF THE CAUSES OF OCCUPATIONAL INJURIES IN A PRODUCTION
SYSTEM - A CASE STUDY
A. Helvida, L. Haznadarevi¢, B. Vranjes, D. Adamovi¢, E. Stojiljkovié

445

447

451

458

464

XV



Banja Luka
28-29 May 2021.

DEMI 2021

15th International Conference on
Accomplishments in Mechanical and
Industrial Engineering

www.demi.mf.unibl.org

AN OVERVIEW OF NON-EXHAUST BRAKE EMISSION

MEASURING METHODS

S. Vasiljevica, ]. GliSovicP, N. Stojanovics, I. Grujice

a M.Sc., Teaching assistant, Academy of Professional Studies Sumadija, Department in Kragujevac, Kosovska 8,
34000, Kragujevac, Serbia

bPh.D., Assoc. prof., University of Kragujevac, Faculty of Engineering, Sestre Janjic 6, 34000 Kragujevac, Serbia
¢M.Sc., Teaching assistant, University of Kragujevac, Faculty of Engineering, Sestre Janjic 6, 34000 Kragujevac,

Serbia

Abstract

Non-exhaust emission is the type of particle emission that is not caused by a combustion process, but
by the wear of different parts of a vehicle’s systems. One of the sources of non-exhaust particulate
emission is the braking system where the wear of friction pairs is present. There is growing number
of studies that analyse brake wear with reference to the size and concentration of non-exhaust
emissions, especially PM19 and PM; ;s particles. An overview of various measuring techniques and
devices for measuring the concentration of the formed particles by brake wear was performed in this
paper. Pin-on-disc tribometers and brake inertial dynamometers are most commonly used for such
tests. It is important to mention that for testing the emission of particles caused by brake wear, it is
necessary to make certain modifications and design additional housings that retain the emission
product. The authors have used different methods for measuring or collecting particles, which is also
shown in the paper. In addition to laboratory testing methods, some authors used real vehicles
whose brakes were also inserted into the housing, which prevents the entry of particles from the
environment. The paper also presents a newly proposed inertia dynamometer for measuring non-
exhaust particles who is development on the Faculty of Engineering.

Keywords

Brake, emission, dynamometer, measurement, non-exhaust.

1. INTRODUCTION

The problem of particles caused by brake wear
is one of the current problems today after
solving the problem of particle formation by
combustion of fuel in the engine [1]. Modern
technology of electric vehicles today does not
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emit particles by combustion in the engine, but
one of the particles’ source is certainly the
braking system. The braking system belongs to
the so-called non-exhaust group of particle
sources, bearing in mind the fact that these
particles are not emitted by combustion of fuel
or some other substance, but purely by wear of
friction pairs of brakes. Particle emission is very
harmful because these particles contain various
materials that are harmful to human health and
the environment [2, 3]. Particles can be
classified according to their size. So the most
commonly measured particles that are formed
by brake wear are PMip and PMg;s, but the
concentration of formed PM; particles is also
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increasingly measured. The reason is that the
harmfulness of particles is higher if their
diameter is smaller, i.e. PM; particles are more
harmful than particles of larger diameters, such
as PM1o and PM; 5 particles [4, 5].

Today, when this is a current problem, as well
as air pollution and therefore, more and more
authors are researching this area. In their
research, the authors use several
methodologies, but also different devices that
have been modified in order to be able to
measure the particles formed by the wear of a
friction pair of brake pad and brake disc.

The aim of this paper is the analysis and
presentation of measuring devices used by
different authors with the aim of measuring the
concentration of particles generated by brake
wear. An installation for measuring particles,
which is in the development phase at the
Faculty of Engineering, University of
Kragujevac, is also presented in the paper.

2. THE MOST COMMONLY
METHODS AND THEIR FEATURES

APPLIED

Numerous authors who have examined brake
wear have applied different test methods. The
most commonly used methods or better said
devices are pin-on-disc tribometers, inertial
brake dynamometers and road testing. Devices
or methodologies used to test the particle
concentration are shown in Figure 1. It is
important to note the fact that tribometers and
inertial dynamometers belong to laboratory test
methods, while road tests are performed on the
road and on a real vehicle. However, some
authors investigating the concentration of the
formed particles use real vehicles with the aim
of testing the formation of particles by brake
wear in laboratory conditions.

It is important to note that each of the applied
methods has specifics, i.e. test conditions differ
in each case. When a pin-on-disc tribometer is
applied for testing brake wear and particle
formation, it is not possible to apply a pad on
the tribometer that would have the same
dimensions as on a real vehicle, while the disc
could certainly be made of brake disc material.
However, such devices may have different
combinations of test conditions in terms of
different pin and disc contact speeds and
pressures.

Compared to the pin-on-disc tribometer, inertial
brake dynamometers represent a much more

340

realistic type of testing the formation of
particles by brake wear. Such devices also
belong to the laboratory type of devices with
the use of brake pads and disc brakes that are
actually applied to the vehicle. Brake
dynamometers can very well simulate real
vehicle braking and can even simulate different
braking conditions (temperature, speed,
pressure, air flow, etc.).

Road tests are the most realistic type of test;
however the test itself is very complex. This
type of testing, when it comes to particles
caused by brake wear, is especially complex
because there are other sources of particles on
the road, so it is necessary to separate the
particles generated by the braking system. This
problem is much easier to solve in the case of
tribometers and a brake dynamometer.

Balance Weight . Pin holder

hydraulic X
.. system brake fluid
lectric engine mertia e pressure
electric engine mass 0 . Sensor
brake pad T
gearbox bearing  bearing *

Y

b) base

Fig. 1. Different methods for testing the
concentration of particles formed by braking, a) pin-
on-disc tribometer, b) inertia brake dynamometer, c)
road measurement [5-8]

Having in mind the problem of the presence of
particles that do not occur due to brake wear,
during the test it is necessary to enable the
measurement of only the particles formed by
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the brakes. This is solved by isolating the brake
itself in a closed housing from which the
particle measuring device draws air with brake
wear particles. In this way, the particle
measuring device retracts and measures only
the particles formed during the braking process,
while the other particles remain outside the
housing and the device does not retract those
particles. The appearance of the housing itself is
different depending on the experimental
installation used for measurement. Of course, as
it is necessary for air to enter the housing, at the
very beginning where the air enters from the
outside, there is an element for purifying the air
from particles, mainly an HEPA (High Efficiency
Particulate Air) filter.

When it comes to the characteristics of the
device used, it mostly depends on the author
himself, i.e. what is the topic of his research and
what are the possibilities of the installation
itself. Thus, most measuring installations can
measure the rotation speed of the disc, the
contact pressure between elements of the
friction pair, individual temperature of the
brake disc and the brake pads, the temperature
in contact surface, pressure in the measuring
installation, deceleration of the disc, different
loads, etc. Furthermore, other devices can be
connected to the measuring installation, such as
the humidity control device inside the housing
in which the disc brake is located, but again
depending on what is being tested and what
conditions the researcher wants to achieve
during the test.

The most important device during such tests
when particles are the subject of research is
certainly the device for measuring the
concentration of particles. Mostly different
authors use different devices, although all
devices have in common that they are intended
for analysis and measurement of particle
concentration. Different authors also use
different measurement methodologies, i.e.
different modes of particle measurement. Thus,
some authors use measuring devices, i.e. modes
for measuring the number of formed particles
classified according to their sizes or particle
concentration pg/m3. Some research also uses
multiple devices to measure particles in
multiple modes.

Some of the solutions used in measuring and
testing brake wear, as well as various solutions
used by other authors are presented later in
this paper.

3. APPLICATION OF TRIBOMETER IN
MEASUREMENT OF PARTICLES FORMED
DURING BRAKING

Numerous authors use various constructive
solutions of tribometers to test the wear rate,
especially of new materials in brake pads and
their behavior in terms of the stability of the
coefficient of friction.

Wahlstrom et al. applied a tribometer solution
shown in Figure 2 to test brake wear and
particle formation. In this case, in order to
collect only the particles that are formed by the
wear of the pin and the disc, the tribometer is
located inside the housing (marked with a black
bold line) and thus prevents the measurement
of non-wear particles. In order to inject air from
the outside into the housing, i.e. outside the
housing, an HEPA filter of class H13 EN 1822 is
placed at the inlet, as well as the compressor
before the filter itself, while the air flow was
measured using the TSI® air velocity
transducer model 8455. Three devices were
used for particle measurement and analysis,
namely Dekati® Electrical Low Pressure
Impactor (ELPI +), TSI® Optical Particle Sizer
(OPS) model 3330 and TSI® Condensation
Particle Counter (CPC) model 3772.

Box

Outlet
Sampling point Pin-on-Disc tribometer

O

| Il
Disc Pin
Weight Inlet ~
: ]

L

Fan Filter

Room air :@ | ;:;{
=

Fig. 2. Example of a solution for a device for testing
the formation of particles using a pin-on-disc
tribometer [9]

A similar solution of the measurement
installation as before, in order to use a pin-on-
disc for measuring particles caused by brake
wear, was used in the study by Dizdar et al. [10].
Also, three particle analysis devices were used
here: optical particle sizer (TSI® Optical
Particle Sizer (OPS) model 3330), condensation
particle counter (CPC) and electrical low-
pressure impactor (ELPI).
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Pin-on-disc tribometer, in sealed enclosure oPs <PC HA

N E
S|
>

£2)

]
A A

Disc Pin
L I% £l airoutier
Particle pick up

Fig. 3. Example of a solution for testing the particle
formation using a pin-on-disc tribometer [10]

Mirzababaei and Filip [11] examined the effect
of humidity on brake wear. Figure 4 shows the
appearance of such an experimental
installation. An ultrasonic Cool Mist Humidifier
was used to control the humidity inside the
housing.

el

Fig. 4. Example of a solution for testing brake wear
and the influence of humidity on wear [11]

In [12], Djafri et al. presented an example of a
tribometer for testing the influence of humidity
on brake wear and particle formation. Figure 5
shows the installation where the housing in
which the disc and pin are closed is marked
with 3. Humidity and temperature are
controlled in the housing itself. Meaning of the
lebels in Figure 5: (1) measurement unit with a
display data panel, (2) adjustment unit of test
conditions (humidity and ambient
temperature), (3) essay chamber, (4) disc-pin
couple, (5) display screen [4].

Tribometer used to test brake wear by Cuev
[13] is shown in Figure 6. An interesting aspect
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in this installation is the way of measuring the
temperature inside the brake pads, or
specifically inside the pin. In this case, the
thermocouple sensor is placed inside the pin, so
the temperature inside the pin is measured.

Fig. 5. Example of solution for testing particle
formation using pin-on-disc tribometer under
humidity and temperature control conditions [12]

Pneumatic
load

Fig. 6. Example of a solution for testing brake wear
and the effect of humidity on wear [13]

4. LABORATORY TESTS OF REAL VEHICLE
BRAKES

Bearing in mind the fact that Chapter 2
mentions tests performed using real brakes that
are normally installed on vehicles and in the
form of an inertial brake dynamometer and real
vehicles only in laboratory conditions, this
chapter presents such solutions that were used
in testing.

4.1 Measurement of particle formation using an
inertial brake dynamometer

A schematic representation of the inertial brake
dynamometer in the examination of the formed
particles, which is shown in [14], is specifically
given in Figure 7. In this case, too, it is
noticeable that the brake is located inside the
housing from which the particles are collected
and measured.
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Fig. 7. Schematic representation of the
dynamometer and brake housing [14]

In their study, Niemann et al. [15] applied the
measuring installation shown in Figure 8. In this
study, too, the disc brake is located inside the
housing, and the air entering the housing from
the environment is purified using an HEPA
filter. This measuring installation was
developed by the Institute of Environmental
and Energy Technology (IUTA e.V.). For particle
measuring and their analysis, an Optical Particle
Sizer (TSI OPS 3330), a Fast Mobility Particle
Sizer (TSI FMPS 3091), and a Condensation
Particle Counter (TSI CPC 3776) were used.

Opical
% Pparticle Sizer
Aol 0.3-10pm
Condensation
Particle
Counter
>2.5nm

o tandar ] \
T PMy; 0r PM, 5
Fast Mobility Impactor with L. Brake disc
| Particle Sizer optional filter Isckinetic
YT 0.0056-0.56um holder probe

Fig. 8. Measuring installation applied in research[15]

oPs

Hagino et al. applied the installation shown in
Figure 9 to investigate the concentration of the
formed particles. The experimental installation
is designed so that it is possible to monitor and
record multiple parameters that can be
analyzed and compare their impact on the
formation of particles during braking.

PI(2.5m] LPY{Zm] LPI{L5m]
(Teflon)  (Quartz)  (Teflon)

mmm ST

Canstant Valume Sampling (CVS) {Pressure]
1
T

Tunnel .

\.,,.‘4_, - 1
FM, , Impactor & Filter * - !E \ Activated Carben
[Migh Volume Sampler] - @-@ Brake System & HEPA Filtar

ot s Assembly

6)3 mmm-m Sampling Trays

for Sediment Dust

P! P PV PO P

(Ouartz)  (Tefion)
Fig. 9. Applied measuring installation in research of
formed particles during braking [16]

In their study of particle formation by brake
wear in the braking process, Matéjka et al
applied the measuring installation shown in
Figure 10. In this case, an electric low-pressure
impactor ELPI+ (Decati) was used to measure
the particles.

HEPA air inlet

Sampling line

Dust chamber

etection of wear particles

Fig. 10. Applied measuring installation for
measuring particles formed during braking [17]

Figure 11 shows the measuring installation
used in the research [18]. It can be seen from
the figure that, in this case, clean-air flows
through the brake disc which further pushes the
particles towards the devices for measuring and
analyzing the formed particles.

particle counting
system ﬂ
MEXA 2000

SPCS >10nm

flow splitter

speed controlled

% driving engine

L= 13D, D=300mm Iﬂ

constant volume flow
cooling and dilution air

DLPI 13 stage|
impactor

brake box

Fig. 11. Applied measuring installation for
measuring particles formed during braking [18]

According to [19], the installation shown in
Figure 12 can be used to measure the formed
particles.
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Fig. 12. Applied measuring installation for collecting
the particles formed during braking [19]

One of the professional installations for brake
particle  emissions developed by LINK
Engineering is shown in Figure 13. Such
installations have a wide range of test
possibilities. Such installations can simulate
driving cycles, and also control conditions such
as air temperature, humidity, brake cooling, and
many more. Interesting in this case is the
housing in which the brake is located and it is
also shown in the figure.

Fig. 13. Applied measuring installation for
measuring particulate matter during braking [20]

Reference [13] shows a measuring installation
that was also developed for measuring the
concentration of particles generated by braking,
but also for the analysis of particles. Figure 14
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shows the disc brakes inside the housing as well
as the construction of the housing, but also the
construction of the air inlet and outlet to the
housing.

Thermicouple Rotor

Fig. 14. Particle collection installation [21]

One of the methods for collecting particles
according to [22] is shown in Figure 15. In this
case, the particles created by wear are directly
collected and withdrawn.

Fig. 15. Particle collection method [22]

A view of the housing in which the disc brake is
located is shown in Figure 16. It can be seen in
the figure that this housing is closed, as
mentioned so far. This figure shows the way air
escapes from the housing to the particle
measuring devices.
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Fig. 16. Particle collection method [23]

Figure 17 shows another solution of the particle
feeder. In this case, as can be seen, there is a
profile that is connected to the device for
measuring the concentration of particles, so
with the help of this part, the formed particles
are retracted and measured.

Fig. 17. Particle retraction method formed by brake
wear [24]

4.2 Measurement of generated particles using
real vehicles in laboratory conditions

Although research on real vehicles in laboratory
conditions is very rare, at least from the aspect
of particles generated during braking,
Perrenoud et al. in a study [25] performed just
such research. Six different vehicles were used
in this research, but in laboratory conditions. An
illustration of one vehicle on which the
measurement of particle formation was
performed is shown in Figure 18. In this case, it
is noticeable that the housing is placed on the
brake, i.e. on the vehicle in the part where the
brake is located. Thus, only the measurement of
particles created by brake wear is possible and

there is no entry of particles from the
environment. According to [25], the labels in
Figure 18 represent: A-exposure box; B - HEPA
filter and pump system; C - water cooling pump;
D - pumps for collection on filters; E - DMA-CPC
particle sizer and counter. Wide Range Aerosol
Sampler (Grimm Aerosol Technik GmbH &amp;
Co) and condensation particle counter (DMA-
CPC, Vienna U-Type, model 5.400) were used
for analysis and measurement of particles.

Fig. 18. Investigation of particle formation on a real
vehicle in laboratory conditions [25]

A similar measurement installation was
presented by Riediker et al. in his research [26];
however, he also gave an overview of some
parts of the installation and the installation
solutions shown in Figure 19. It is noticeable
that an installation is shown in the housing that
allows the retraction of particles, while the
device for measuring concentration is outside
the housing, but there are also sensors for
measuring humidity of the air and body which
enable the maintenance of a stable temperature.

Temperature and humidity sensor
and particle sampler

..- - _'*
Wather bath for

Cooling bodies for constant cell
stabilize the air temperature
temperature

Fig. 19. Investigation of particle formation on a real
vehicle in laboratory conditions [26]
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5. MEASURING INSTALLATION PROJECT FOR
BRAKE WEAR MEASUREMENT AT THE
FACULTY OF ENGINEERING

The measuring installation at the Faculty of
Engineering, University of Kragujevac will be
based on the inertial brake dynamometer
shown in Figure 20.

The installation is based on the fact that it is
possible to change the loads during braking,
which simulates different wheel loads. Thus, it
is possible to simulate different types of
vehicles and their axle loads, and to achieve
different speeds, so different loads of one wheel
of the vehicle and wheel’s rotation speed can be
combined as when the vehicle is on the road. At
any time, it is possible to monitor the speed of
rotation of the disc on the computer, i.e. the
simulated speed of the vehicle. Braking with
different pressures has been achieved so that it
is possible to adjust the braking force. So the
pressure in the brake system can be monitored
on the computer too, and it is also possible to
control the pressure. The installation is also
equipped with sensors for measuring the
temperature of the brake pads in different
zones of contact.

Fig. 20. Inertial brake dynamometer at the Faculty of
Engineering [27]
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In order to measure the particles formed during
braking, the dynamometer was upgraded with a
housing in which the brake is located. The
purpose of the housing is to collect the particles
that were created by the wear of the brakes and
to place a device for measuring the
concentration of particles. It is certainly
necessary for air to enter the housing from the
environment in order not to create a vacuum
when extracting air with the help of a device
that measures the concentration of the formed
particles. In order to prevent particles from
entering from the environment and to avoid
leading to erroneous measurement results,
there is an HEPA filter at the inlet that purifies
the air entering the housing.

The device used for measuring particles, i.e.
particle concentration is TROTEC PC-220, which
is shown in Figure 21. The device can measure
the number of particles PMg3, PMgs, PM1, PM35s,
PMs and PMyo. Bearing in mind that the device
can measure particles in multiple modes, one
possibility is to measure the mass of particles in
pug/ms3; however such measurement is only
possible for particles PM;s and PMyo. The device
enables the transfer of data from its internal
memory to a computer, so it is possible to
analyze data numerically or graphically using
diagrams [28].

Fig. 21. Trotec PC-220

The entire projected installation is shown in
Figure 22. The dashed line in the figure
represents the housing from which the particles
are extracted, and the concentration is
measured using a Trotec PC-220. The red
arrows represent the data that the researcher
sets as the initial conditions, i.e. braking
conditions, single wheel loads, speed and brake
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pressure. The green line represents the data
that is collected and controlled at the same time
as the conditions that are set as the initial.

Braking
RPMofelectro — _ tin¢  Brake pressure
motor =
pC I =~ PMygand PM; 4
: 3 measurement device  particle
Clutch Tl.‘l]l|)(.:l‘a||1n..‘ n Brake [ collection
Electre motar onfoff ‘ Simulated L] Mcpressure| | / housing
L * vehicle speed control | .
- I
' A Brake torque

F:_.-hvé H !

. T ] M h—— | -
\'-,: — ‘_.;-“d. A | T —Bumkedis
Base 2. Flywheel| Shafit %\
k mass \\LUiM] (c“

—

T~ Brake pads

Fig. 22. Schematic representation of the proposed
measuring installation for measuring particles
generated by brake wear

6. CONCLUSION

Measurement installations for monitoring the
concentration of particles differ from author to
author, but the test method itself also differs.
Measurement devices generally differ in their
performance depending on what the author’s
aim of the research. Tribometers are most often
used, but in a large number of studies, inertial
brake dynamometers are also used. Certainly,
different sensors are used on each installation,
which can measure different parameters, but
the most important devices are those for
measuring and analyzing particles. These are
the key devices in any installation.

The measured installation at the Faculty of
Engineering, University of Kragujevac is a type
of laboratory testing using an inertial brake
dynamometer. The installation developed at the
Faculty is a very complex installation that
allows a number of different tests of vehicle
brakes, but also has the possibility of different
modes of operation and changing various
parameters.
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