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Abstract: Wear testing machine by laser ablation has been considered as a new method of wear testing
which overcome the problems of old machines and systems. In this case, wear rate has occurred due to
ablation by laser beam and test sample transformed from solid state to gas state directly (sublimation) and
avoid relative movement and loss of material between sample and disk or plate. The different operation
conditions such as temperature, chemicals, environmental conditions and different types of stresses has
been considered. The new machine consists of two main parts optical and mechanical parts. The optical
parts which include ultraviolet laser source, optical filter, lenses to concentrate the beam and manhole of
laser beam to the sample tested in the control room. The mechanical parts includes The insulated chamber ,
dead weight , variable speed motor, sample holder, temperature and pressure sensor and ph meter.
Mechanism of operation depend mainly on Ablation process which is removal of material from the surface
of an tested object by vaporization .Ultraviolet laser beam is used as source of energy required for ablation
process to avoid thermal effects. The new technique is suitable for all kinds of materials such as metals,
alloys polymers, ceramics and composites in any shapes and sizes. The main factors affecting the new
techniques are divided into factors related to the laser beam characteristics and factors related to material
properties, the material properties include the surface roughness, thermal conductivity, specific
heat ,density and mainly latent heat of sublimation.
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1. INTRODUCTION

The Pin on Disk Tribometer incorporates
many features such as direct weighting. One
important feature of all the Tribometers is that
the wear automatically stops when a specified
coefficient of friction reaches a threshold
value, or when a desired number of rotations
are completed [1]. All tribometers can be
equipped with a depth measuring sensor for
real-time display of depth information which is
important in studying the time dependant
wear properties[2],[3].

It is designed as a frictionless force
transducer. The deflection of the highly stiff

elastic arm, without parasitic friction, in the
friction track. The wear and friction coefficient
is determined during the test by measuring the
deflection of the elastic arm and weight loss.
The Linear Tribometer Including calculation
of a friction coefficient for both forward and
backward movements of the stroke,
generating data on Hertzian pressure via its
software package, and static partner and
sample wear rates. The reciprocating
technique is also very useful for studying the
variation over time of the static coefficient of
friction - as opposed to the kinetic coefficient
measured with the Pin-on-Disk geometry.
Most contact geometries can be reproduced
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including Pin-on-Plate, Ball-on-Plate and Flat-
on-Plate (others on request) [4].

A special heating module using a
differential arm which compensates for
changes in the temperature of the load arm
can be attached to the standard tribometer
allowing lubricated testing up to 150°C, The
heating module uses a controlled temperature
liquid, regulated to an accuracy of 0.1°C to
heat the sample [5],[6].

Features of the Pin-on-Disk Tribometer

e Direct dead weight (weight directly over
the pin) gives much higher stability [7].

e Precisely calibrated friction and wear
measurements [8].

e Stable contact point with no parasitic
friction.

e Pin, Ball and Plate on Plate testing.

e Automatic switch off at threshold
coefficient of friction or total number of turns

e Plexiglas enclosure for testing in liquids,
controlled humidity or inert gases[9].

e Testing compatible with ASTM G99 &
DIN 50324 [10] :[16].
e Continuous

(optional) [17].
e High Vacuum Testing (optional) [18].

wear depth recording

Disadvantages of conventional
techniques

1. The plate or disc must be changed
every experiment, it is considered as
expensive and relative technique [19].

2. Pin on disk and pin on plate are very
complicated techniques [20].

3. The conventional method of wear
detection such as pin-on-disk or pin on plate
tribometry have only standards for specific
applications [21].

4. The maximum load is 46N at
frequencies up to 8Hz (25Hz optional) with a
stroke range up to 60mm and a sliding radius
of up to 35mm [22].

Liquid Heating Option up to 150°C can be
installed on existing Pin-on-Disk and Linear
Tribometers which is a very limited
temperature range [23],[24].

wear

2. EXPERIMENTAL WORK

An invention is developed to measure
wear by laser ablation techniques instead of
conventional machines (Pin on disc) or (pin on
plate). The main component of the new
machine is shown in fig.1. Wear coefficients
for the tested material are calculated from the
volume of material lost during the ablation
process. This simple method facilitates the
study of friction and wear behavior of almost
every solid state material combination with or
without lubricant. The technique can be used
for liquid substances with special design of
sample holder. Furthermore, the control of
the environmental parameters, temperature,
humidity and lubrication in the insulated test
chamber allow a close reproduction to the real
life conditions of practical wear situations.
While the control test parameters such as
laser power , fluence, number of pulses ,
repetition rate, speed of sample rotation,
applied load and test time can introduce exact
value of wear coefficient [22]. Fig.2 shows the
steps and the main factors affecting the new
wear measurement system by laser ablation.

The mathematical relation for The ablation
rate (nm/pulse)

4= ablation rate = alin( e/ ¢r) (1)
¢r=E/a(1-R) (2)

Where
E - (Threshold) energy density,
y - ablation rate (nm/pulse),
R - reflectivity,
a - optical penetration depth,
@inc - incident fluence,
@r - threshold fluence.

¢ -7 central spindle
Variable speed motor

Effective Load
= Optical filter  Convex lens

e |,_|
Jevel of immarsion N
nite i D i Ultraviolet laser source
sample \ )

Manhole of laser beam

\
wnml room

Cooling duct:

Insulated outer casing

Temperature and pressure sensors

Figure 1. Wear testing machine by laser ablation
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2.1 The main components of the wear testing
machine by laser ablation

A) Optical parts

Laser source is the main utensil in the new
technique, high power ultraviolet laser
concentrated in a small area, using plan -
polarized source incident on the surface at
Brewster’s angle to increase the amount of
absorbed energy and achieve the ablation
condition to change the state of the material
from solid to vapor directly (sublimation), The
main four parts in the optical system are:

1. Ultraviolet laser source,

2. Optical filter is used to eliminate
defects and chromatic aberration,

3. Optical elements collected and focused
laser beam, and

4. Convex lens (optical parts used in the
focus of the laser beam).

B) Sample holding and movement

The new technique reproduces the
reciprocating motion typical of many real
world in situ mechanisms and also simulate
the amount and type of applied pressure in
static and dynamic load, sample holder and
movement system consists of four parts:

1. The central spindle,

2. Variable speed motor to rotate the test
sample,

3. Mask of the samples dipped in the
control room, and

4. Effective Load.

The central spindle is loaded onto the test
sample with a precisely known weight. The pin
is mounted on a stiff lever, insures a nearly
fixed contact point and thus a stable position
in front of the laser beam. Variable speed

motor is used to rotate the test sample with
the same speed similar to the in situ operation
conditions.

C) Control unit

The new wear measurement technique
with laser ablation is supplied with a insulated
chamber enclosure so that controlled
atmospheres such as varying humidity or
media with specific composition and PH can be
used. Specialized control of the test chamber
have been developed for high & low
temperature operations, reciprocating motion
and high and low vacuum testing are also
available.

* |nsulated outer casing of the control
unit.

= The level of immersion in the fluid
sample tested.

= Temperature and pressure
related to the control unit.

= Manhole of laser beam to the sample
tested in the control room.

sensors

D) Environmental condition control

The new technigue can be equipped with a
heating and cooling utensils for testing under a
wide  variety of  temperatures and
environmental conditions so the system
include:

1. Pipes to push acidic, basic or liquid to
submerge the samples in operatin
conditions,

2. Level of operating conditions,

3. Heaters to control the test conditions,
and

4. Cooling ducts.

A convenient intermediate temperature
solution for tribology work can be used in the
new technique, The temperature range
between the standard room temperature and
the high temperature. With this option, the in-
situ conditions for a range of deposition
technologies, such as ion beam sputtering PVD
and CVD, which use quartz lamp heating to
attain  similar  temperatures, can be
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reproduced. This range of temperature is also
ideal in the study of biomaterials where body
fluid temperatures range +/-37° C. The new
technique is suitable for high temperature
services and carcinogenic applications, it is
also ideal for space, aircraft and almost all
engineering and building applications.

2.2 The factors affecting the process

When the laser strike the metal surface
during wear test by laser ablation, the energy
is absorbed and distributed along the tested
sample. The variation of temperature with
distance for different metals such as Iron, Tin,

cupper , Aluminum, zinc and lead at the same
laser source, clarify the rate of various
properties including the specific heat , the
latent heat of sublimation (evaporation) , and
the variation of various parameters such as
density, thermal conductivity, thermal
diffusivity and reflectivity.

Fig.3 shows the temperature variation with
depth at the beginning of ablation process at
the surface for different metals with different
thermal characteristics at the same laser
irradiation conditions same laser power,
fluence, repetition rate, number of pulse and
duration time.

( Wear measurement by laser ablation >

I

1 1
(Test Enviroment ) ( Test sample preparation )

Laser adjustment

Laser power

Beam filtration }——{ Pulse energy )

Repetition
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Source
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Surface roughness

Thermal
characteristics

Temperature
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Ph of media
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Figure 2. Steps of wear measurements by laser ablation technique
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Figure 3. The temperature variation with depth at the begining of ablation process at the surface
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The main parameters in the ablation
process is the variation of velocity , ablation
depth and time at the solid -vapor interface,
which is also affected by the thermal
characteristics of the tested materials at the
same laser irradiation conditions. Table.1
shows the ablation characteristics during wear
test for some pure metals, The variation in the
ablation parameters is shown in both fig 4 and
fig 5 respectively which show the variation in
ablation depth and ablation velocity for
different metals have different thermal
characteristics.

Table 1. The ablation characteristics during wear
test for some pure metals

Metal Evaportion Time, Velocity,
depth,um Sec m/sec
Iron (Fe) 38.8 9.42:10" | 412.47
Zinc(zn) 70.3 41.6:10" | 169.03
Aluminium (Al) 30.8 4.2:10" | 681.24
Cupper(Cu) 27.16 2.5-10" | 1068.79
Manganese(Mn) 25.5 9.4-10™ 270.9
Lead(Pb) 47.2 17.1-10" | 275.56
Tin (Sn) 10.2 0.72:10" | 14185

alron (Fe)
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0 Cupper (Cu)

m Manganese (Mn),
@Lead (Pb)

aTin (Sn)

ablation depth (um)
3
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Cupper (Cu)

Metal

Figure 4. The abltaion depth of different metals
exposed to the same laser source
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Figure 5. The abltaion velocity for different metals
during wear measurement

The increase in ablation depth is related to
the decrease in the ablation velocity at the
solid -vapor interface and vice verse, so when
comparing the wear rate of different materials
the new technique is seem to be ideal for this
type of comparison, which can not achieved in
the conventional techniques.

2.3 Mechanism of operation

During wear test by the new method
ablation is occurred from the surface of test
sample. Ablationis removal of material from
the surface of an object by vaporization ,
process begin when the amount of laser
energy absorbed is more than
the enthalpy of sublimation, or heat of
sublimation, which is the heat required to
change one mole of a substance from solid
state to gaseous state at a given combination
of temperature and pressure, usually standard
temperature and pressure (STP). Fig.6 shows
the mechanism of wear measurement by laser
ablation. The insulated chamber which include
the test sample may be considered as a closed
system of fixed composition in solid state
undergoing a temperature change from room
temperature or preheat temperature to the
sublimation (evaporation) temperature at
constant pressure

AH= H(Tevap,p) - H(TO/p)=
dh=Cp dT=Qp (3)

Where Qp is The amount of heat required
to raise the temperature of the system from
room temperature T, to the evaporation
temperature Tewap , fig 7 shows the
temperature distribution inside the tested
sample just before the ablation process begin.
after that the amount of laser energy equal to
the latent heat of sublimation evaporation is
also absorbed, then the ablation begin on the
sample surface. The loss of energy due to
scattering and reflection from the sample
surfaces must be included in the total energy
absorbed by the sample for ablation process.
After removal of material from the surface the
losses due th reflection is dropped down and
scattering of energy in the ablated hole work
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as energy trap increase the amount of energy
absorbed so the ablation rate increase. During
the ablation volatile gaseous fragments are
found and help to move larger molecular
fragments away from the surface. The process
begin with laser absorption up on the sample
surface, surface reflectivity has pronounced
effect up on the process rate, ablation takes
place after the laser pulse is over so that
shielding of pulse energy by the generated
plume does, the absorbed energy per volume
must exceed (Threshold) density E1, re-
deposition does not occur significantly.

sample smrface
EOeIgy trap reflected beam
laser beam
incident laser beam
ablated depth scattered beam

Figure 6. The mechanism of wear
measurement by laser ablation
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Figure 7. The temperature distribution in the
ablated hole during wear test by laser

The method of exploitation

1. Can be used to measure the wear rate
regardless of the thickness of the test
sample and suitable for thin films.

2. Can be used to measure the absolute
wear rate in metals and various materials
while the old methods measure relative
wear rate between test sample and disc or
plate.

3. The laser beam's ability to pass through
various liquids makes the machine
measure wear rates of materials
submerged in liquids or media in different
conditions similar to operating conditions.

4. The machine can be used as an effective
way to compare the resistance of
materials varying in hardness and
durability.

5. The machine can be used to measure the
new materials with unknown hardness
and composition.

6. Suitable for high temperature services
materials and low temperature services
materials which may be deformed in
normal methods laser wear testing

machine become the perfect.

7. The new method is suitable for treated
materials regardless of the method of
treatment (non-known hardness surfaces
with high resistance).

Figure 8. The prototype of the wear testing
machine by laser ablation

8. The machine is used to test strong
materials of great firmness and resistance,
which cause high wear rates in the disk
when tested with conventional methods.
Fig.8 shows the prototype of the wear
testing machine by laser ablation

9. Can be wused in studying the time
dependant wear properties.

Advantages of the invention

1. Replace the disk, or the plate at a regular
machines with the laser beam.
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2. New test machine is suitable for all types
of materials and does not depend on the
form or the shape of the sample

3. The laser beam has a uniform intensity
and direction throughout the duration of
the experiment, so the results are
accurate and absolute values

4. Laser beam can be directed by the optical
parts in the horizontal, vertical or diagonal
directions, so any part of the test sample
can be measured.

5. Thin film, electronic materials and other
materials that are difficult to test by
standard methods can be tested easily
after the selection of the suitable laser
wavelength and intensity.

6. The test condition can be adjusted at any
temperature and there is no limitation
related to test conditions.

7. Comparing the wear rate of different
materials the new technique is seem to be
ideal

w

. CONCLUSION

1. The new wear testing machine depends
on the interaction of lasers with matter.

2. The energy required for measuring wear
rate by the new technique must be more
than the latent heat of sublimation added
to the dissipated energy due to reflection
and scattering added to the energy
required to heat the sample to
evaporation temperature.

3. The rate of the process ( time required for
testing wear by new technique) is function
of testing material characteristics such as
diffusivity, specific heat , thermal
conductivity and density.

4. The surface of the testing sample must be
flat and relatively rough to avoid
dispersion of energy due to reflectivity.

5. Cold laser beam in the range of ultraviolet
lasers are recommended in the new
technique to avoid thermal effects which
has side effects on the quality of the
process.

RECOMMENDATION

The new wear measurements technique
must be included as the standard test method
for measuring wear coefficient in the ASTM,
DIN, BS, Egyptian standard and all
international standards.

REFERENCES

[1] S.C. Lim: Recent Development in Wear
Mechanism Maps, Technical report (University
of Cambridge. Department of Engineering),
1986 reprinted in 2011.

[2] H.C. Meng, K.C. Ludema: Wear models and
predictive equations: Their form and content,
Wear, Vol. 181-183, pp. 443-457, 1995.

[3] R. Bosman, D.J. Schipper: Mild wear maps for
boundary lubricated contacts, Wear, Vol 280,
pp. 54-64, 2012.

[4] F.Pp. Bowden, D. Tabor:Friction and
Lubrication of Solids, Clarendon Press, Oxford,
1950.

[5] I. Kleis, P. Kulu: Solid Particle Erosion,
Springer-Verlag, London, 2008.

[6] K.-H. Zum Gahr: Microstructure and wear of
materials, Elsevier, Amsterdam, 1987.

[71 J.R. Jones: Lubrication, Friction, and Wear,
NASA-SP-8063, 1971.

[8] R.C. Hibbeler: Mechanics
Pearson prentice Hall, 2005.

[9] R. A. Higgins: Materials for Engineering and
Technician, Elsevier Ltd, 2006.

[10] ASTM G99-17 Standard Test Method for Wear
Testing with a Pin-on-Disk Apparatus, 2000.

[11] ASTM G76-13 Standard Test Method for
Conducting Erosion Tests by Solid Particle
Impingement Using Gas Jets, 2013.

[12] ASTM G77 - 17 Standard Test Method for
Ranking Resistance of Materials to Sliding
Wear Using Block-on-Ring Wear Test, 2017.

[13] ASTM G176-03 Standard Test Method for
Ranking  Resistance  of  Plastics to
Sliding Wear Using Block-on-Ring Wear Test -
Cumulative Wear Method, 2009.

[14] D. E. Ackerman: Some important variables
encountered in wear tests on cast iron, ASTM
international, 1937.

[15] DIN 50324 (1992-07) Tribology; Testing of
Friction and Wear Model Test for Sliding
Friction of Solids (ball On Disc System), 2010.

of Materials,

16th International Conference on Tribology - SERBIATRIB ‘19

599


https://www.astm.org/Standards/G176.htm
https://www.astm.org/Standards/G176.htm
https://www.astm.org/Standards/G176.htm
https://www.astm.org/Standards/G176.htm

(16]

(17]

(18]

(19]

(20]

[21]

N. Axén, S. Hogmark, S. Jacobson: Friction and
Wear Measurement Techniques, Modern
Tribology Handbook, CRC Press LLC, 2001.
https://en.wikipedia.org/wiki/Wear_and_tear
R.N. Rao, S. Das: Effect of sliding distance on
the wear and friction behavior of as cast and
heat-treated Al-SiCp composites, Materials &
Design, Vol. 32, No. 5, pp. 3051-3058, 2011.
R.N. Rao, S.Das: Effect of SiC content and
sliding speed on the wear behaviour of
aluminium matrix composites, Materials &
Design, Vol. 32, No. 2, pp. 1066-1071, 2011.
N.Ch. Kaushik, R.N. Rao: The effect of wear
parameters and heat treatment on two body
abrasive wear of Al-SiC—Gr hybrid composites,
Tribology International, Vol. 96, pp. 184-190,
2016.

L.F. Téth, J. Sukumaran, R. Nagarajan, G.
Szebényi, W.J. Thanggiah, P. De Baets: Friction
and Wear Properties of Jute/polyester

[22]

[23]

[24]

International
15-

Composite Systems, in 2nd
Conference on Polymer Tribology,
16.09.2016, Ljubljana, Slovenia, 2016.

P. J. Blau: Sliding and adhesive wear, in: G.E.
Totten (Ed) Friction, Lubrication, and Wear
Technology, ASM International, pp. 313-322,
2017.

BS ISO 18192-3 Implants For Surgery - Wear
Of Total Intervertebral Spinal Disc Prostheses -
Part 3: Impingement-Wear Testing And
Corresponding Environmental Conditions For
Test Of Lumbar Prostheses Under Adverse
Kinematic  Conditions, British Standards
Institution, 2017.

BS ISO 20808 Fine Ceramics (Advanced
Ceramics, Advanced Technical Ceramics) -
Determination Of Friction And Wear
Characteristics Of Monolithic Ceramics By Ball-
On-Disc Method, British Standards Institution,
2016.

600

16th International Conference on Tribology - SERBIATRIB ‘19


https://www.sciencedirect.com/science/article/pii/S0261306911000495#!
https://www.sciencedirect.com/science/article/pii/S0261306911000495#!
https://www.sciencedirect.com/science/journal/02613069
https://www.sciencedirect.com/science/journal/02613069
https://www.sciencedirect.com/science/journal/02613069/32/5
https://www.sciencedirect.com/science/article/pii/S0261306910004334#!
https://www.sciencedirect.com/science/article/pii/S0261306910004334#!
https://www.sciencedirect.com/science/journal/02613069
https://www.sciencedirect.com/science/journal/02613069
https://www.sciencedirect.com/science/journal/02613069/32/2
https://www.sciencedirect.com/science/article/pii/S0301679X15006131#!
https://www.sciencedirect.com/science/article/pii/S0301679X15006131#!
https://www.sciencedirect.com/science/journal/0301679X
https://www.sciencedirect.com/science/journal/0301679X/96/supp/C
https://infostore.saiglobal.com/en-gb/Standards/BS-ISO-18192-3-2017-1923638/
https://infostore.saiglobal.com/en-gb/Standards/BS-ISO-20808-2016-1878404/

	01 - Plenary Lectures
	001-002 Planary Lectures
	01 - 60 Iqbal Shareef_KOR
	02 - 66 Traian Florian Ionescu-LOrena_KOR
	22 Mohamad Ali AHMAD_KOR

	02 - Tribology of solid materials
	011-012 Tribological Properties of Materials and Coatings
	02 Sachin GHALME_KOR
	07 Evgeny V. Fominov_KOR
	11 Bello_KOR
	20 Rohit Kumar Singh Gautam_KOR
	38 Stankovic et. al_KOR
	40 H. Gerengi_KOR
	43 Kiril_Nikolov_KOR
	68 Palic-Fatima_KOR
	52 Gerardo Rodriguez_KOR
	72 Nedic_KOR
	80 N.Miloradovic_KOR
	57 Mihai DEMIAN_KOR
	84 Sandra_KOR
	75 Kamburov_KOR
	89 Varun Sharma-Zivic_KOR
	79 Assenova_Kozhoukharova_KOR
	92 Dzunic_KOR

	03 - Surface Enfineering and Coatings Tribology
	Medju strane 03 - Surface Enfineering and Coatings Tribology
	06 Funsho Kolawole_KOR
	14 Felipe V. DE CAMARGO_KOR
	17 P Kovac D. Jesic_KOR
	21 Hemant Nautiyal_KOR
	25 Jacob S Mathew_KOR
	36 Kandeva_Penyachki_KOR
	30 Doğuş ÖZKAN_KOR
	55 T. Penyashki_KOR
	67 Lozica_KOR
	62 Victor Manoliu_KOR
	83 Terek et al_KOR
	63 Yasser Abdelrhman_KOR
	87 Desimir_KOR
	73 Kovács_SerbTrib_KOR
	91 Kukuruzovic_KOR

	04 - Tribology of Machine Elements
	Medju strane 04 - Tribology of Machine Elements
	13 Vukelic_KOR
	15 Ilyas UYGUR2_KOR
	16 Nadica Stojanovic_KOR
	23 Oday I. ABDULLAH_KOR
	29 Karimov_KOR
	46 G.C. Ionescu_KOR
	54 Kovalenko_KOR
	74 Milos Matejic_KOR
	56 G.Purcek_KOR
	59 A. Hernandez-Pe+-a et. al_KOR
	88 Milojevic Dzunic_KOR
	69 Kovalenko_KOR
	27 Sveta Markovic_KOR
	3 Vojislav Krstic_KOR
	04 Vojislav Krstic_KOR

	05 - Tribology of Manufacturing Processes
	Medju strane 05 - Tribology of Manufacturing Processes
	08 M. Djordjevic_KOR
	10 Chingova, Taneva, Kapanyk_KOR
	12 Fragassa_KOR
	19 D. Arsic_KOR
	31 Dragicevic, Begovic, Peko_KOR
	32 Madic et al_KOR
	39 S. Aleksandrovic et al_KOR
	41 M. Bogdan-Roth_KOR
	51 Kamburov_KOR
	64 Baralic Nedic Đuric_KOR
	71 Paper Sredanovic_KOR
	77 Adamovic_KOR
	82 Milan Eric_KOR
	86 Vaxev et al_KOR

	06 - Lubricants and Lubrication
	Medju strane 06 - Lubricants and Lubrication
	05 Peric,Nedic,Radovanovic_KOR
	09 Dellis_II_KOR
	24 RANKO KOPRIVICA_KOR
	26 Zadorozhnaya_KOR
	35 Кandeva_Zadorozhnaya_KOR
	37 Levanov_KOR
	45 Josef Fryza_KOR
	47 Lovrec-Tic REcenziran_KOR
	58 Antonios.D.Tsolakis_KOR
	61 Branka Dugic Kojic_KOR
	90 Guglea _Deleanu_KOR

	07 - Tribometry
	Medju strane 07 - Tribometry
	01 Hebatalrahman_KOR
	18 Fomenko R.N._KOR
	28 Dušan Stamenković_KOR
	42 Ti¦Ź Edler_KOR
	44 G.Purcek_KOR
	49 H.BenHamouda-M.Corryn_KOR
	50 Fedorov_KOR
	65 Ismailov Tyurin_KOR
	70 Tič Lovrec_KOR
	78 Branislav Dimitrijevic_KOR
	81 Lovrec-Edler_KOR
	85 Pavlos Zalimidis_KOR

	08 - Biotribology
	Medju strane 08 - Biotribology
	33 Capitanu et al_KOR
	34 Ferda MINDIVAN_KOR
	48 P.¦î+şpek_KOR
	53 David_Rebenda_KOR
	76 Zivana_KOR

	Contents.pdf
	01 - Plenary Lectures
	001-002 Planary Lectures
	01 - 60 Iqbal Shareef_KOR
	02 - 66 Traian Florian Ionescu-LOrena_KOR
	22 Mohamad Ali AHMAD_KOR

	02 - Tribology of solid materials
	011-012 Tribological Properties of Materials and Coatings
	02 Sachin GHALME_KOR
	07 Evgeny V. Fominov_KOR
	11 Bello_KOR
	20 Rohit Kumar Singh Gautam_KOR
	38 Stankovic et. al_KOR
	40 H. Gerengi_KOR
	43 Kiril_Nikolov_KOR
	68 Palic-Fatima_KOR
	52 Gerardo Rodriguez_KOR
	72 Nedic_KOR
	80 N.Miloradovic_KOR
	57 Mihai DEMIAN_KOR
	84 Sandra_KOR
	75 Kamburov_KOR
	89 Varun Sharma-Zivic_KOR
	79 Assenova_Kozhoukharova_KOR
	92 Dzunic_KOR

	03 - Surface Enfineering and Coatings Tribology
	Medju strane 03 - Surface Enfineering and Coatings Tribology
	06 Funsho Kolawole_KOR
	14 Felipe V. DE CAMARGO_KOR
	17 P Kovac D. Jesic_KOR
	21 Hemant Nautiyal_KOR
	25 Jacob S Mathew_KOR
	36 Kandeva_Penyachki_KOR
	30 Doğuş ÖZKAN_KOR
	55 T. Penyashki_KOR
	67 Lozica_KOR
	62 Victor Manoliu_KOR
	83 Terek et al_KOR
	63 Yasser Abdelrhman_KOR
	87 Desimir_KOR
	73 Kovács_SerbTrib_KOR
	91 Kukuruzovic_KOR

	04 - Tribology of Machine Elements
	Medju strane 04 - Tribology of Machine Elements
	13 Vukelic_KOR
	15 Ilyas UYGUR2_KOR
	16 Nadica Stojanovic_KOR
	23 Oday I. ABDULLAH_KOR
	29 Karimov_KOR
	46 G.C. Ionescu_KOR
	54 Kovalenko_KOR
	74 Milos Matejic_KOR
	56 G.Purcek_KOR
	59 A. Hernandez-Pe+-a et. al_KOR
	88 Milojevic Dzunic_KOR
	69 Kovalenko_KOR
	27 Sveta Markovic_KOR
	3 Vojislav Krstic_KOR
	04 Vojislav Krstic_KOR

	05 - Tribology of Manufacturing Processes
	Medju strane 05 - Tribology of Manufacturing Processes
	08 M. Djordjevic_KOR
	10 Chingova, Taneva, Kapanyk_KOR
	12 Fragassa_KOR
	19 D. Arsic_KOR
	31 Dragicevic, Begovic, Peko_KOR
	32 Madic et al_KOR
	39 S. Aleksandrovic et al_KOR
	41 M. Bogdan-Roth_KOR
	51 Kamburov_KOR
	64 Baralic Nedic Đuric_KOR
	71 Paper Sredanovic_KOR
	77 Adamovic_KOR
	82 Milan Eric_KOR
	86 Vaxev et al_KOR

	06 - Lubricants and Lubrication
	Medju strane 06 - Lubricants and Lubrication
	05 Peric,Nedic,Radovanovic_KOR
	09 Dellis_II_KOR
	24 RANKO KOPRIVICA_KOR
	26 Zadorozhnaya_KOR
	35 Кandeva_Zadorozhnaya_KOR
	37 Levanov_KOR
	45 Josef Fryza_KOR
	47 Lovrec-Tic REcenziran_KOR
	58 Antonios.D.Tsolakis_KOR
	61 Branka Dugic Kojic_KOR
	90 Guglea _Deleanu_KOR

	07 - Tribometry
	Medju strane 07 - Tribometry
	01 Hebatalrahman_KOR
	18 Fomenko R.N._KOR
	28 Dušan Stamenković_KOR
	42 Ti¦Ź Edler_KOR
	44 G.Purcek_KOR
	49 H.BenHamouda-M.Corryn_KOR
	50 Fedorov_KOR
	65 Ismailov Tyurin_KOR
	70 Tič Lovrec_KOR
	78 Branislav Dimitrijevic_KOR
	81 Lovrec-Edler_KOR
	85 Pavlos Zalimidis_KOR

	08 - Biotribology
	Medju strane 08 - Biotribology
	33 Capitanu et al_KOR
	34 Ferda MINDIVAN_KOR
	48 P.¦î+şpek_KOR
	53 David_Rebenda_KOR
	76 Zivana_KOR





