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Abstract: The paper presents the methods for prediction of the cutting parameters. In order to test the
workability of the material by process of scraping, from the aspect of the cutting temperature, an natural
thermopar was placed just below the cutting edge of the plate. In this way, a simple, reliable, accurate and
economical method for determining the workability of material by cutting is obtained. The feasibility study
of several semi-finished products by applying the realized experiments was carried out. Different materials
in processing with cutting discs with different coatings give different results, which are used to form neural

network and linear regression models.
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1. INTRODUCTION

Scraping is a very widespread type of
processing in the metalworking industry. It
takes place in conditions that are very complex
and to date completely undefined. Tribological
phenomena on the cutting pin affect the
reduction of the tool's stability, and this
affects the increase in processing costs [1].

As a result of the complexity of occurrences
on cutting tools, wear appears, and it is the
main cause of the short life of tools. Defining
the wear process can be based on: changes
that occur on the tool, the object of processing,
change of resistance or cutting temperature.
Since many physical and chemical reactions
occur in the cutting process and how they are
directly related to the wear of the tool, and

how they are highly dependent on the cutting
temperature [2, 3], this is a study of the
possible prediction model creation for cutting
process parameters.

The aim of this paper is to establish a
reliable prediction models through the
application of the appropriate tools for
prediction and measuring of the cutting
parameters at the points in the body of the
knife, and by determining the data necessary
for studying the machining process. Checking
the method and measuring chip for measuring
the parameters in the knife body is done by
parallel measurements of the mean
temperature of the cutting by a natural
thermopar. In this way, conditions are created
for the development of adaptive prediction
models for machining by cutting [4].

482

16th International Conference on Tribology - SERBIATRIB ‘19



2. THE PREDICTION MODELS OVERVIEW AND
INFLUENCE OF THE PROCESSING FACTOR
ON THE CUTTING TEMPERATURE
PARAMETER

In the last few decades, the application of

computer systems and software tools,
particularly those based on artificial
intelligence, had a great influence on

integration and general availability of the
individual knowledge and experience of
experts in the field of production engineering.
This led to the development of expert systems
intended for expert reasoning, evaluation and
optimization of parameters within preparation
and production activities [5].

For creation of the prediction model,
various methods can be used that are grouped
into several general categories [6]:

e mathematical (linear regression,
statistical methods). The best known is
the linear regression to link the values
of different independent and
dependent variables using a linear
expression to predict the "new" values
of the dependent variables.

e distant (distance learning). Distant
methods are based on the concept of
"distance between cases". Any two
cases in the data set can be compared
to determine the similarity measure,
this is the equivalent of the distance (s)
to the corresponding value, which is the
case, the distance is smaller.

e Logical (decision tables, decision trees,
classification rules). The most used
logical decision-making method is the
decision tree. In order to forecast a new
case, the root of the tree is examined;
the appropriate testing is carried out,
based on the result of which the case
moves to the lower to the
corresponding branches of the tree. The
process continues until the last node
("tree list") is completed, the value of
the last node represents the estimated
outcome of the tree.

e modern heuristic methods (neural
networks (NN), fuzzy logic, genetic

programming). These methods are
based on the principles of heuristics, i.e.
based on experience. They accelerate
foresight processes and find a solution
that are good enough in situations
where the implementation of a detailed
forecast is not practical and can require
a longer search time.

In this paper, the developed models use
neural networks as an artificial intelligence
method and linear regression as a statistical
method. NN have proven to be a very
promising artificial intelligence method in
many prediction applications [7, 8, 9], due to
their ability to learn from the data set, their
nonparametric nature and the ability to
generalize [10, 11, 12]. Having this in mind, NN
and linear regression have been applied to
predict cutting temperature. Since, there are a
number of factors that affect the cutting
temperature, which are:

e the characteristics of the machining

material (M) and tools (A),

e treatment with refrigerant and lubricant
(H) and without refrigerant and
lubricant (BH),

e Cooling system (SH) and type of coolant
and lubricant (VS),

* Processing mode (RO) - step, cutting
depth, cutting speed,

e Tool geometry (GA) - geometric
elements and coordinates that define
the shape and position of the cutting
wedge and processing objects, and

e other processing conditions.

Knowing the character and degree of
influence of the mentioned factors on cutting
temperature 6 i.e. the dependency (formula 1):

Q=f(M,AH BH,SH, VS,RO,GA) (1)
This dependency creates the possibility of

developing practical algorithms for
optimization and adaptive management of
production processes based on
thermodynamic characteristics and

temperature signals.

The contact temperature of the tool,
sawdust and processing object is referred to as
the mean cutting temperature Omean. The
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empirical term for the calculation of
temperature in the cutting zones of the tribo-
mechanical systems in which the cutting in the

scraping process is realized as [13, 14]
(formula 2):

0 = Cob6*tsY 2 [T K; (2)
where:

C, k, i, z - are constants and exponents that
depend on the type and state of the processing
material,

6 - cutting depth (mm),

s-step (mm /o), and

v - cutting speed (m / min).

Thermal phenomena (cutting temperature,
heat generation, etc.) that occur in the
narrower and wider area of the cutting zone
are in direct and narrow correlation with the
tool wear rate, the degree of workability of the
machining material, the stability of the tools
and a number of other characteristics, and
effects of the production process. Almost the
entire cutting force is transformed, as
experimental testing shows, into heat energy.
The generated heat passes from the cutting
area to the sawdust, the tool, the processing
object and the surrounding environment, and
thus under the influence of a part of the heat
passing on the tool, the hardness of the
material of the cutting elements of the tool
decreases, and leads to a gradual plastic
deformation of the cutting blades, loss of
cutting ability of the tool and sharpness
reduction. (The process of gradual loss of
cutting ability stimulates even intensive wear
and periodic friction of cutting tool elements.)

Distribution of generated heat in the
workpiece, the tool, material chip, and
therefore the temperature of the elements on
the working part of the tool, on the treated
surface and in the sawdust, depends on the
machining material (mechanical and chemical
properties), cutting speed, cutting depth, tool
geometry, cooling and lubricating means and a
number of other factors [15, 16, 17].

In addition to the impact on tool durability,
the generated heat or cutting temperature also
affects the production process, the overall
quality of the treated surface, the processing

accuracy and other output effects of the
process. Hence, testing, measuring,
understanding and possible creation of
prediction models of the size and arrangement
of cutting temperatures in the tool and
workpiece are of primary importance, since on
the basis of these findings, optimal conditions
and processing regimes, quality, productivity
and cost-effectiveness of the process, stability
of the tools can be determined.

The significance of measuring technique and
the method of measuring cutting temperatures
is primarily that these methods and techniques
form the basis of the experimental method,
which, in addition to analytic, is another
general method for researching and detecting
thermodynamic (temperature) laws in the
narrower and wider cutting zone and the
processing system in continent. One of the
major goals, achieved by knowing these laws, is
optimization and adaptive management of
production processes.

3. FORMING A MEASURING CHAIN FOR THE
TEMPERATURE MEASUREMENT IN THE
KNIFE BODY

Measuring chain (system) includes a set of
measurement devices and auxiliary devices
interconnected, through the link channels, into
one functional entity and connected to the
measurement object, a control object, a
control object, an object of analysis, or an
object of research for generating, converting,

displaying, storing, and use for certain
purposes of measurement signals
(measurement results) of one or more

measuring sizes.

From this definition, two basic tasks of any

measurement system arise:

¢ measuring the value of one or more
given physical or other sizes and
displaying the measurement results on
an analog or digital display, a registry
(printer or printer), or a signalizer.

e generation of signals or information on
measured values in a form suitable for
use for other purposes (automatic
management and control of processing
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processes, memory and storage of
metering information, statistical
processing of results, etc.).

3.1 Measuring instrumentation for the cutting
temperature measurement

Measurement of cutting temperature
(natural thermopar) was carried out on a turn
according to the scheme of the measuring
chain given in Figure 1.

a [

2 [“.H H aeld r ]
| ermanapan iy | H

Figure 1.Measuring chain for measuring the cutting
temperature

A four-channel printer "R-54" (position 3,
figure 1) was used to record the signals. In the
tool holder measurements, the KISTLER-9441
dynamometer (position 2 of Figure 1) was used,
with the corresponding amplifier (position 2,
figure 1).

To measure the temperature using a natural
thermopar, the tool and the machining object
were isolated from the machine. The natural
thermocouple is not calibrated, due to its large
complexity, the results of the temperature
measurements by a natural thermocouple are
expressed in mV.

The tool is a cutting knife CSDNR 2020K12
with a removable plate SPMX 12T3AP-75.
Figure 5 shows a cutting board with basic
dimensions. Tiles are coated with TiN, TiAIN,
TiZrN, ZrN coatings.

All tests were carried out on the universal
"Prvomajska" D-480lathe, with a power of 10
kW in the metal processing laboratory at the
Faculty of Mechanical Engineering in
Kragujevac.

4. PRELIMINARY MEASUREMENT OF THE
TEMPERATURE IN THE SCRAPING WITH
THE FORMED MEASURING CHAINS

Experimental tests were aimed to
determining the change in cutting temperature
in the knife body, depending on:

a - cutting speed in (m / min), respectively
the corresponding speed n (rpm),

b - steps with (mm / o),

c - cutting depth & (mm),

d - material processing objects,

e - coating of the cutting board.

The cutting mode parameters are:

a - cutting speed or corresponding speeds of
355, 450, 560, 710 rpm.

b - step 0.14,0.2,0.25 mm / o.

¢ - cutting depth 0.3, 0.5, 0.7 mm.

d - the largest part of the test was
performed on the processing object of the
C4730 in the improved state (273-300 HB). The
workpiece obstruction is a half covertube
(Material 1). Due to the inability to perform the
same operation and measure resistance in
laboratory conditions, external longitudinal
treatment was performed. In order to ensure
the same geometric parameters or an angle of
attack, the dynamometer turning is also
performed, which at the same time represents
the tool carrier. In addition to this processing
object, in order to compare the workability of
materials in concrete conditions with different
coatings on the tools, the surface treatment of
the C4731.6 was performed, in the improved
hardness of 230-280 HB (Material 2), and the
head gears of the C5421, isothermal glow HB-
120 forgings) (Material 3). All items of
processing are pre-tested "bark" removed.

e - on the cutting plates of the
corresponding geometry in the "Copper
Institute" - Bor, application of a number of
coatings was done, namely TiN, TiAIN, TiZrN,
ZrN. The conducted tests were supposed to
give a recommendation for the selection of the
appropriate coating on the tool for carrying out
a specific operation.

The experiment plan with the results of
measuring the temperature rise A® (°C) in the
body of the knife and the thermonaphon of the
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natural thermo power (mean cutting 3 05 2 355 109
temperature) are shown in the following tables. 3 05 2 450 116
Table 1 shows the results of the 3 05 2 560 112
measurement of the temperature rise AO (°C) 3 05 2 710 109
for Material 1 (half cover) and all types of 3 05 3 355 125
coatings. Cutting speed varies, i.e. number of R 05 3 450 132
revolutions n at a constant step (s = 0.2mm / o) X o5 3 <60 127
and constant cutting depth (6 = 0.5mm). 05 3 10 -
. . . i 3 :
Cutting time is 0.5 min. The table also shows s 0 - s
. 4 .
the temperature after cutting length (I) of 2 s 5 o iy
. . 4 :
and 3 cm, due to comparison with the results r S = -
of measurements in operations whose cutting 4 :
. . . . 0.5 0 710 152
time or cutting length is in this range. The 4
0.5 2 355 117
results of the measurement of 4
thermonaphones of a natural thermocouple Z 4 0> 2 450 119
are also shown for the coated TiAIN plate. . 4 05 2 560 115
) 4 05 2 710 114
Table 1.Measurement of the temperature rise A®
. 4 0.5 3 355 126
for material 1
4 05 3 450 128
coating type | t[min] I [cm] n [rPM] temp [AO] 4 05 3 560 126
1 0> 0 3> 146 4 05 3 710 124
1 0> 0 450 11 5 05 0 355 146
1 0> 0 >60 1>2 5 05 0 450 149
1 0.5 0 710 154 ; 05 o 550 151
g 1 0.5 2 355 127 ; 05 o 10 157
©
g 1 0.5 2 450 132 ; 05 ) 355 117
>
g 1 0.5 2 560 122 = s 05 ) 450 119
= <
= 1 0> 2 710 12 F 5 05 2 560 115
1 0> } 3> 136 5 05 2 710 114
1 0.5 3 450 140 ; 05 3 355 126
1 0> } >60 127 5 05 3 450 128
1 0.5 3 710 121 ; 05 3 =60 126
2 0.5 0 355 138
5 0.5 3 710 124
0.5 0 450 145 . .
2 Based on the presented table application of
0.5 0 560 150 . . . .
2 prediction models is possible in order to
2 03 0 710 1565 predict cutting temperatures changes and
2 05 2 355 106 degree of workability. Since degree of
z 2 05 2 450 108 workability is calculated according to following
N
2 05 2 560 106 (formula 3):
2 0.5 2 710 102
_ eref
2 0.5 3 355 118 lo= P (3)
i
2 0.5 3 450 119
) 05 3 560 118 where in:
3 0s 3 110 1155 Oyef - temperature of the etalon material,
05 o 355 123 O, - temperature of the test material.
3 : ..
For the purpose of determining the
0.5 0 450 155
3 : ol . . .
g workability index of the processing object
0.5 0 560 158
3 . . .
material, a part of the obtained measurement
3 0.5 0 710 160 . . .
results was obtained in the processing of
486 16th International Conference on Tribology - SERBIATRIB ‘19



various materials of the processing object with
plates with different coatings. By accepting
that the material is a reference material, it is
easy to reach the workability index according
to the previously defined form.

5. PREDICTION MODELS APPLICATION

Without involvement in the problem of the
formation and development of the scarping
process, it can be assumed that knowledge
about cutting temperatures as well as their
dependence on the processing conditions, and
in combination with other factors, can
determine the degree of workability of a
material with sufficient precision by application
of prediction models.

Based on a defined NN (Figure 2), the
correlations coefficient R for the training,
validation, testing group and the overall
correlation coefficient between the predicted
output values and the measured target values
of cutting temperature are determined (see
Figure 3).

Network: network1 ~=1alx|
view | Train | Simulate | Adapt | Reinitialize Weichts | View/Edit Weights |

Hidden Layer Output Layer

Input ) ) 0 _. l. utput
el =k

10 1

o o

Figure 2.Defined neural network

According to the Figure 2, it may be
concluded that in the input layer there are
three neurons which correspond to the
number of input parameters (coating type,
cutting length, number of revolutions). Hidden
layer has ten neurons and the output layer has
only one layer, according to the output
parameter (cutting temperature). Transfer
function between hidden and output layer is
tan-sigmoid, while transfer function between
output layer and output is linear.

In the training set, with its regression line,
linear correlation coefficient value s
satisfactory equal to R = 0.99754. The same
applies to the value of the correlation

coefficient in the case of validation R = 0.97832.

The value of the correlation coefficient in the
case of testing is R = 0.95829, therefore the NN
may be accepted as reliable for prediction of
the cutting temperature and therefore
prediction of workability index, since the total
value of the correlation coefficient is R> 0.9. It
may be concluded that there is a high
correlation between the predicted output
values and the measured target values.

Training: R=0.99754 Validation: R=0.97832

o~
> o
=4 O Data — Q Data 6
S -— y
= Fit by Fit
+ —ee¥=T) & |y oos) o ¥Y=T o
= 05 r 05 .
o ©
= o
H =
o o "
S o0 F oo .
2] o ‘; ®
o P .
n -
L 305 %o
505 s .
£ 5]
S
© -1
0.5 0 0.5 1 -1 0.5 0 0.5
Target Target
Test: R=0.95829 All: R=0.9869
1
-
5 g O Data o
=] o Fit o
(=] =
e + g5t [v=T o
- B
o E
= T
=
s r
i 3 °
- =] 8
1] S s}
! T . o
-
5 r
2. g 05
H 2 el
=] S
o
-1
1 0.5 0 0.5 1
Target Target

Figure 3. Correlation coefficients

Application of the linear regression model
gave the following results presented in Table 2.

Table 2.Linear regression model summary

Model Summary

Model R R Square

1 .743° .552

a. Predictors: (Constant), coating type, |

[em], n [rev/min]

Coefficients®
Unstandardized Standardized
Coefficients Coefficients
Model t Sig.
Std.
B Beta
Error
(Constant) | 146.635 | 6.881 21.309 | .000
coatings
-.125 1.021 -.011 -.122 |.903
type
1
I [cm] -9.609 1.158 -.743 -8.298 | .000
n
.000 .011 -.002 -.020 |.984
[rev/min]
a. Dependent Variable: temp [AO]
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Real and predicted values comparison
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Figure 4.Comparisons between real and predicted values

Model show that the correlation coefficient
between real and predicted values is R = 0.743.

Equationfor the prediction of cutting
temperature values may be presented as
(formula 4):

temp=146.635 — 0.125*ct.— 9.609*1 +0.0*n  (4)

Comparisons of prediction results for both
NN and linear regression models and real
values have been presented on the Figure 4.

From the Figure 4 it may be concluded that
NN prediction model gave better prediction
results than the linear regression model. Based
on this results NN may be used to predict
degree of workability.

6. CONCLUSION

In this paper, authors have analyzed the

possibility of application of NN and linear
regression models for prediction of cutting
temperatures, based on the few cutting
parameters.
Based on the presented obtained prediction
results, it can be concluded that the developed
application provides the ability to predict the
values of cutting temperature.

Information  collected from  natural
thermopar may be used in order to obtain

appropriate real temperature values, which
are used for application of the NN and linear
regression. Accordingly, decisions can be
made, for the input parameters of cutting
parameters, in order to obtain expected
degree of workability.

ACKNOWLEDGEMENT

The paper has been fully supported by the
Serbian Ministry of Education, Science and
Technological Development under the
projectsTR35021 and 11144010.

REFERENCES

[1] B. Ivkovi¢: Cutting theory (Teorija rezanja),
Self-published edition, Kragujevac, 1991.

[2] D. Miliki¢: New method for temperature
measurement in cutting and the possibility of
its technological and sensor application (Nova
metoda za merenje temperature pri obradi
rezanjem i mogucnosti njene tehnoloske i
senzorske primene), PhD dissertation, Faculty
of Technical Sciences, Novi Sad, 1980.

[3] M. Gostimirovic, M. Kovac¢, D. Miliki¢:
Temperature method for determining the
stability function of the cutting tool during
grinding and milling (Temperaturska metoda
za odredivanje funkcije postojanosti reznog

488

16th International Conference on Tribology - SERBIATRIB ‘19



alata pri struganju i glodanju), MMA'90, Novi

Sad, 1990.
[4] J. Stani¢: Technological measuring systems
(Tehnoloski  merni  sistemi), Faculty of

Mechanical Engineering, Belgrade, 1985.

[5] K. Priddy, P. Keller: Artificial neural networks,
SPIE, Bellingham, Wash, 2005

[6] Z.Michalewicz: Adaptive business intelligence,
Springer, Berlin, 2007.

[7] P. Chang, Y. Wang, C. Tsai: Evolving neural
network for printed circuit board sales
forecasting, Expert Systems With Applications,
Vol. 29, No. 1, 2005.

[8] K. Sriraman, H. Strauss, S. Brahimi, S.
Chromik, J. Szpunar, J. Osborne, S. Yue:
Tribological behavior of electrodeposited Zn,
Zn—Ni, Cd and Cd-Ti coatings on low carbon
steel substrates, Tribology International, Vol.
56, 2012.

[9] L. Szirdki, E. Kuzmann, K. Papp, C. Chisholm,
M. El-Sharif, K. Havancsak: Electrochemical
behavior of amorphous electrodeposited
chromium coatings, Materials Chemistry and
Physics, Vol. 133, 2012.

[10]C. Feng, X. Wang: Surface roughness
predictive modeling: neural networks
versus regression, IIE Transactions, Vol. 35,
No. 1, 2003.

[11] B. Ahn, S. Cho, C. Kim: The integrated
methodology of rough set theory and artificial

neural network for business failure prediction,
Expert Systems With Applications, Vol. 18, No.
2, 2000.

[12] A. Abrahams, E. Coupey, E. Zhong, R. Barkhi,
P. Manasantivongs: Audience targeting by B-
to-B advertisement classification: A neural
network approach, Expert Systems With
Applications, Vol. 40, No. 8, 2013.

[13] N. A. Abukhshim, P. T. Mativenga, M. Aslam
Sheikh: Heat generation and temperature
prediction in metal cutting: A review and
implications for high speed machining,
International Journal of Machine Tools and
Manufacture, Vol. 46, No. 7-8, pp. 782-800,
2006.

[14] J. Stani¢: The theory of metal processing |
(Teorija obrade metala 1), Faculty of
Mechanical Engineering, Belgrade, 1989.

[15]J. Stani¢, M. Kalajdzi¢, R. Kovacevic:
Measuring technique in metal cutting
technology (Merna tehnika u tehnologiji
obrade metala rezanjem), Gradjevinska
knjiga, Belgrade, 1983.

[16] D. Vukelja: Cutting thermodynamics
(Termodinamika rezanja), Gradjevinska knjiga,
Belgrade, 1990.

[17]1S. Zahar, M. Milosevié¢, S. Karalazi¢: Mean
cutting temperature for steel processing,
Metal processing and tribology 1,
Kragujevac, 1974.

16th International Conference on Tribology - SERBIATRIB ‘19

489



	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





