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INVESTIGATION OF TEMPERATURE DURING MACHINING
PROCESS BY HIGH SPEED TURNING

Abstract: This paper presents the results and obtained mathematical models of temperature during machining
process by high speed turning as a function of processing parameters v, f, a and t.. The machining process by
turning is performed on lathe type "Prvomajska TVP 250" with power P=11,2 kW and step change of number of
revolutions between n=16 and 2240 rev/min, by using ceramic cutting tool inserts type SNGN 120712- 120716-
120720 made from mixed ceramics type MC 2 (41,05 + TiC) and manufactured by HERTEL and tool holder type
IK.KSZNR -064 25x25 manufactured by KENNAMETAL. Workpiece material is C 1630 (DIN C 55). Cutting tool
holder is reconstructed to provide transimission of the voltage signal from the cutting tool insert. Processing
parameters are varied in range interval between v =300 and 500 m/min, £ =0,16-0,30 mm/rev, a=0,5-1,0 mm and
r.=1,2-2,0 mm. Average temperature is determined by using of natural thermocouple method and computer aided
research equipment. Experiments and the mathematical processing of the results are performed at the Faculty of
Mechanical Engineering in Skopje using the program CADEX combined with MATLAB. Four factorial first order
experimental plan was used.
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1. INTRODUCTION characteristics of the new constituted technological
surface layer /TSL/ [1]. Therefore, in the machining

It is known that during the transformation of process it is important accurately to know the
workpiece machined layer into chips, because of magnitude of the temperature that occurs in the cutting

energy transformations in the cutting zone it is released zone as function of machining parameters. The
significant quantities of heat. Created heat in the temperature in the cutting process can be determined in
cutting process is directly dependent on the applied an analytical and experimental way, which are
processing parameters (v, f, a, .....), workpiece material developed many methods [2]. From the experimental
condition and cutting tool stercometry ( 22277, ,) methods, the most widespread is the method of natural

thermocouple, where the natural thermocouple consists
of the cutting tool and the workpiece. Methods of
natural thermocouple are simple to implement, but
require knowledge of the thermoelectric characteristics
of the natural thermocouple, and its determination is
only by experimental way [3]. The emergence of
modern cutting materials, especially cutting ceramics,
creates conditions for the application of significantly
higher cutting speeds.

The heat reflected through the maximum temperature is
an important factor which has a dominant influence to:
the mechanism of transformation of the workpiece
machined layer into chip; on the phenomenon that
occur in the process of cutting tool wear (abrasive,
adhesive, diffusive, heat, oxidative); the magnitude of
the cutting force components, which is in close
correlation with thermal model of creation residual
stresses; and thus to the creation of the resultant
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Fig. 1. Schematic view of the research experimental setup

The high temperatures and material removal dynamics in such conditions more intense influence on the
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mechanisms of chip creation and on the cutting tool
wear, as well to technological effects in /TSL/.
Increased stiffness is required from the system Machine
- Device - Workpiece - cutting Tool (MDWT). The
system for measuring the temperature is required: to
reduce errors that occur in the transmission of the
signal from the workpiece-cutting tool thermocouple;
be able to record increased quantity of information in
relatively short interval; application of computer
technology for reliable determining of the temperature
in the cutting process. The goal is to reduce the interval
of measuring uncertainty of the results obtained from
measurements performed. The creation of computer
aided research equipment for measuring temperature in
the cutting process is the result of joint research
realized on the Faculty of Mechanical Engineering and
the Faculty of Electrical Engineering in Skopje, in
cooperation with the Institute of Production
Engineering and Automation of the Wroclaw
University of Technology, Poland. Using the research
equipment, investigations of dependence of the
temperature from the machining parameters v, f, a and
r, are carried out.

2. EXPERIMENTAL CONDITIONS

2.1 Cutting tool

The processing is performed by use of ceramic
cutting tool inserts type SNGN 120712- 120716-
120720 made from mixed ceramics MC 2 (ALO; +
TiC) manufactured by HERTEL and cutting tool holder
type IK.KSZNR -064 25x25 manufactured by
KENNAMETAL. Cutting tool stereometry is:

7 =85 7, =5% = 6% a = 6% A =~6°,

=-20°, bf =0,2mm, ro= 1,2-1,6 -2,0mm

7y

Cutting tool holder was previously reconstructed to
provide transmission of the voltage signal from the
cutting tool insert, which is presented on Fig. 2.

Fig. 2. Cutting tool holder cross-section, 1 - thumb, 2 -
chip breaker made from Al,O;, 3 - cutting tool
insert made from mixed ceramics MC 2, 4 -
mica, 5 - washer, 6 - mechanism, 7 - isolation
bushing, 8 - protective cap, 9 - signal conductor,
10 - connector.

To reduce the impact of disruption factors during
transmission of the generated signal and thus to
increase the accuracy of measurements, cutting tool
insert is completely isolated in the nest of cutting tool
holder, by using of mica. To obtain the required chip
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shape, a chip breaker made from zircon-oxide ceramics
is used.

2.2 Workpiece
Material C 1630 (DIN C 55), normalized to the
hardness of 200 HB.

2.3 Metal cutting machine

Lathe type "Prvomajska" TVP 250, with power P =
11,2 kW with step change in the numbers of
revolutions between n=16 and 2240 rev/min.

2.4 Cutting parameters
Cutting speed v = 300-500 m/min, feed /=0,16-0,30
mm/rev, depth ¢=0,5-1,0 mm, cutting tool insert tip

radius 7, =1,2-1,6-2,0 mm.

2.5 Device for transmission of the signal from
workpiece

For measuring the average temperature in the
cutting process by wusing method of '"natural
thermocouple", for transmission of generated signal
from the workpiece a specially designed device is
constructed, Fig. 3. This device after screwing into
workpiece, allows transmission of generated signal
through three rotating rings and fixed brushes.
Particular attention is paid to the choice of material for
rings and brushes, which in this case is black-lead
bronze. The thermocouple ring - brush when heated to
373,16 K (100 ° C) generate thermovoltage of 0,3 mV.

Fig. 3. Device for transmission of the signal from
workpiece, cross-section [4]

2.6 Experimental plan

It is used first-order full four factorial plan of
experiments (2* + 4), presented in Table 1. Power
function is accepted for the mathematical model to
describe the changes of the temperature. Mathematical
processing is performed at the Faculty of Mechanical
Engineering in Skopje with the application of program
CADEX in connection with Model-Based Calibration
(MBC) Toolbox Version 1.1, contained in the Matlab
software package, which is intended for design of
experiments and statistical modeling. Using the
advanced features of Matlab and MBC provides
significant advantages in the realization of
experimental studies, with an option for graphic
interpretation of results.
2.7 Research equipment



Monitoring of the thermovoltage (temperature) in
the cutting process is done with computer aided
research experimental setup, presented on Fig. 1 [5, 6].
Part of the research setup is specially designed PC
interface that consist of signal amplifier and data
acquisition card [7]. Measurements are done at the
Faculty of Mechanical Engineering in Skopje.

error and determination of multiple regression
coefficient. Performed analysis, after complete
computer processing, showed adequacy of obtained
mathematical model (3).

TC — 444,662 .v0,164 .f0,138 .a0,054 .rg—O,USS (3)

Graphical interpretati(?n of monitorc?d quantities by the Tndependent variables - Real matrix Rosult
software FORTMON is shown on Fig. 4. Obs § 7 ., . T
o av
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Fls Ech Ve Wi Hep
[D8uis 2081 1 300,00 0,16 0,50 | 1,20 | 821,69
=T 2 | 500,00 0,16 0,50 | 1,20 | 895,41
v e — 3 | 300,00 0,30 0,50 | 1,20 | 915,16
i 4 | 500,00 0,30 0,50 | 1,20 | 970,23
S| | OET 016 L0 [0 91
o > > > > >
;cm;;:::::: 7 | 300,00 0,30 1,00 | 1,20 | 919,21
L ’_Mrrl_l—,— 8 500,00 0,30 1,00 1,20 1043,63
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o [ 10 | 500,00 0,16 0,50 | 2,00 | 845,19
5D 11 | 300,00 0,30 0,50 | 2,00 | 879,32
. i 12 [ 500,00 [ 030 [ 0,50 [ 2,00 [ 961,36
] ' 13 (300,00 | 0,16 | 1,00 | 2,00 | 819,57
14 | 500,00 0,16 1,00 | 2,00 | 887,23
Fig. 4. Graphical interpretation of monitored quantities 15 | 300,00 0,30 1,00 | 2,00 | 873,42
by the software FORTMON 16 | 500,00 0,30 1,00 | 2,00 | 998,38
17 | 387,30 0,22 0,71 | 1,55 | 909,53
Determining the average temperature by the method 18 | 387,30 0,22 0,71 | 1,55 | 917,18
of natural thermocouple request to define of correlation 19 | 387,30 0,22 0,71 | 1,55 903,37
between the thermovoltage measured by mV and the 20 | 387,30 0,22 0,71 | 1,55 | 901,28

temperature expressed in °C. In this case, thermocouple
is C 1630 - MC 2. For this purpose, a calibration
installation is created. After regression analysis on the
results obtained from the calibration measurements, the
dependence between temperature 7' and thermovoltage
u is obtained and represented as a polynomial of fourth
degree [6]:

T = 104,426 — 42,646 - u + 44,734 -u% 4,937 10 + 017 ™ ...

(1)

By using of the equation (1) in the software of the
research experimental installation, showed on Fig.1, it
is enabled direct transformation of the measured
thermovoltage into temperature.

3. RESEARCH RESULTS ANALYSIS

Changes of average cutting temperature 7, as

function of machining parameters are investigated
during researches. Power function was adopted for
describing of these changes:

T, =Cvfrair, .

Experimental plan and results are presented in
Table 1. Obtained results processing includes analysis
of mathematical models with and without mutual
effect, determination of 95% confidential interval for
analyzed models, evaluation of significance of coded
polynomial coefficients, determination of experimental
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Table 1. First order four factorial experimental plan

Some graphical interpretation of the influence of
cutting speed - v, feed - f, cutting depth - a, and
cutting tool insert tip radius -7, on the changes of

average temperature 7, are shown on Fig. 5. It can be

noticed that most significant effect on average
temperature increase has cutting speed increase, then
cutting feed, and, the least, cutting depth. Cutting tool
insert tip radius increase results in temperature
decrease. Average temperature increase as result of
cutting speed increase is explained, mainly, by
decreasing contact between chip and face surface of
cutting tool insert, resulting with chip ramming
decreases, chip sliding speed against face surface
increases, heat discharge is worse and friction is
increased. Heat created in cutting area is, mainly, a sum
of heat of machined layer deformation, which
decreases, due to cutting speed increase, till certain
limit as well as of heat generated by chip friction
against face surface of cutting tool, which increases by
cutting speed increase, which is basic reason for
average temperature increase. Average temperature
increase due to feed increase is results of higher
deformation, which alternatively causes higher heat
quantity. However, feed increase also means increase
of contact surface between chip and cutting tool, which
results by conditions for improved heat discharge.
Therefore, de facto, there is smaller effect of feed onto



average temperature. Similar is cutting depth effect.
Namely, this means that deformation work increases by
cutting depth increase, thereby generating higher heat
quantity, however also increasing contact surface
between chip and cutting tool and improving heat
discharge. In addition, cutting blade active length
directly increases. This provides much better conditions
for heat discharge thereby smaller temperature

gradients. The cutting tool insert tip radius 7, effect is

much interesting. Average temperature decreases by 7.,

increase. This is due, mostly, to increased active length
of cutting blade, which provides much better heat
discharge. Besides this, reduction of angle } , as result

of increase of 7., is, also, a reason for smaller cutting

forces, smaller deformation work and thereby smaller
heat quantity. It should also be stated that increase of
measured average cutting temperature is result of
temperature increase on rear side of cutting wedge due
to increased friction of rear main surface and auxiliary
rear surface with machined surface.
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Fig. 5. Graphical interpretation of the influence of

cutting speed - v, feed - £, cutting depth - a, and
cutting tool insert tip radius -7, on the changes

of average temperature 7, c

4. CONCLUSIONS
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Following remarks and conclusions can be reached
from performed experimental researches, obtained
mathematical models, as well as results analysis:

- Statistical analysis indicated that describing changes
of average cutting temperature 7, as function of
machining parameters v, f, @ and cutting tool insert tip
radius 7., by means of power function, is correct;

- All factors adopted in models are significant, and their
effect is as follows:

- Average cutting temperature mostly depends upon
cutting speed and feed, while from cutting depth, the
least. The increase of these parameters causes average
temperature increase, which reached highest value of
1043°C in the investigated domain.
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Being held on a regular basis, like some other conferences of long tradition,
the MMA — FLEXIBLE TECHNOLOGIES contributes to continuous application of
scientific results and professional know-how in the metalworking industry, regardless of
the difficulties this industry has been facing during the last fifteen years.

By organizing the MMA 2009 Conference, the research potential of our
country relies on its traditional enthusiasm and perseverance in order to contribute to
advancement of production engineering in this region — not only through application of
scientific results and professional know-how in practice, but also in education of
engineers in the area of production technologies and techniques.

The MMA Conference - FLEXIBLE TECHNOLOGIES is being held for the
seventh time with international participation, while this is the first time that it has the
official status of international conference. Throughout the years, by the number of
contributions, their quality and participation of international authors, the Conference
has earned a respectable reputation among scientists and industry professionals.

Initially, MMA - FLEXIBLE TECHNOLOGIES focused exclusively on
TECHNOLOGIES, TOOLS AND EQUIPMENT FOR MACHINING BY CHIP
REMOVAL with the following topics:

MACHINING AND PROCESS PLANNING
MACHINE TOOLS
TOOLS, FIXTURES, METROLOGY AND QUALITY
FLEXIBLE MANUFACTURING SYSTEMS, CAD, CAPP, CAM,
CAQ, ..., CIM systems
However, the X Conference comes with a slightly broadened choice of topics:

¢  ENVIRONMENTAL TECHNOLOGIES AND ECOLOGICAL

SYSTEMS

¢  OTHER AREAS

The organizers of this Conference are convinced that by broadening the
scope they did not collide with the similar conferences of long tradition.

With around 80 papers and more than 50% contributions by international
authors, 10" International Scientific Conference MMA 2009 — FLEXIBLE
TECHNOLOGIES successfully maintains the high level set by the previous conferences.
Participation of a large number of domestic and international authors, as well as the
diversity of topics, justifies our efforts to organize this conference and contribute to
exchange of knowledge, research results and experience of industry experts, research
institutions and faculties which all share a common interest in the area of production
engineering.

* & o o

Novi Sad, October 2009 INTERNATIONAL SCIENTIFIC AND
ORGANISATIONAL COMMITTEE
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