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Abstract—In the present paper, the
temperature field of tool is determined during tiechining and
compared with experimental work on C45 workpiecengicarbide
cutting tool inserts. During the metal cutting cg@ns, high
temperature is generated in the tool cutting edgetwinfluence on
the rate of tool wear. Temperature is most imparthiaracteristic of
machining processes; since many parameters suchttirsy speed,
surface quality and cutting forces depend on thpegature and high
temperatures can cause high mechanical stresseh \elaid to early
tool wear and reduce tool life. Therefore, consiier attention is
paid to determine tool temperatures. The experisnarg carried out
for dry and orthogonal machining condition. Theutts show that
the increase of tool temperature depends on depticub and
especially cutting speed in high range of cuttingditions.

three-dimensional Many studies on the prediction of cutting tempeamtare

accomplished that present simulation of cuttingdsr stresses
and temperature fields on chip, tool and workpigcases in
point are analyzing rounded edge tools [2], ansalysi the
friction modeling in orthogonal machining [3], aysé¢s the
temperatures in hard turning [4] and Finite elementeling
of temperature distribution in the cutting zone turning
processes with differently coated tools [5].

The primary effect of temperature is on tool w@drere are
various tool wear mechanisms [6]. Furthermore, tbel
longevity can be determined by the maximum tempegain
the tool rake face. However, the maximum tempeeatind the
temperature gradient effects can cause subsuréfoendhation,

Keywords—Finite element method, Machining, Temperaturenetallurgical structure change and mechanical ptigse

measurement, Thermal fields

|. INTRODUCTION

alteration in the machined surface.
In the hard turning process, because of the higtiness of
the workpiece materials, high temperatures and high

HE metal cutting is an intricate process. During th&echanical stresses are created which lead toatg ®ol

process, due to the plastic deformation and frigtiveat
generation occurs. It could be assumed that allr¢logired
cutting energy is converted to heat. The tempegangreases
in the cutting zone which can affect the materethdvior and
result in the formation of tool-chip. The maximuemtperature
which occurs at the tool-chip interface can inceefracture
considerably. Many parameters such as cutting speethce
quality and cutting forces depend on the tempeegatdence,
determination of temperature distribution has beea of the
major issues in the machining researches.

Temperature prediction is one of the most compijexts

in the metal cutting and is extremely difficult tevelop an
accurate temperature prediction model in machinihge to

wear and reduce the longevity of tool; besidesy therease
the forces and tensile residual stresses, affecsuhface finish
and cause white surface layer to damage [7]. Nuasero
attempts have been made to measure the temperattine
machining operations [8]. One of the most extengivsed
experimental techniques to measure the temperaiunre
machining is the use of thermocouples.

A study through a finite elements model using tteadus"
code is conducted to predict the interface cuttergperature
and its dependence to the crater wear mechanism [9]

Locating temperature measuring instruments muckecto
the cutting edge is very difficult. Due to the laak
experimental data verifying the proposed matherahtic

the complexity of the contact phenomenon, tempesatumodels, most published articles rely on the few lighbd

prediction is a quite challenge in the metal cgtimocess [1].

In order to obtain cutting forces, specific cuttiergergy and
appropriate temperature for coated tool materiarious
models are simulated; then appropriate cutting itimmdwhich
is very important is defined.
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experimental data [10]. The infrared radiation tégbe (IR)
is the second most used method of temperature miegsin
this case, the surface temperature of the bodyedasored
based on its emitted thermal energy. In some cHmedR
technique indicated lower temperatures than thertbeouple
method did.

In this paper, temperature is measured with araiaff
pyrometer during orthogonal cutting condition. Aliee effect
of cutting speed, feed rate and depth of cut on ttad
temperature (rake face) were considered.
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Finally, by the use of experiments, an equation fog= = goixdydz . (4)
estimating of tool temperature was developed. generated
Il. THERMAL MODELING The valges of generated heat are ob.ta?ned frqrrfdhm
and velocity factors along shear and friction disiens, as
A. Heat balance can be seen in following.

In order to solve the problem with finite elemengthod

(FEM), analytical solution of the problem was revesl by G =FV. = rhV 005(0' ) (5)
choosing each element as a control volume. Frorfirgtdaw ° ss sm( ) cos((pn n)

of thermodynamics, the rate of difference betwéemrhal and

mechanical energy entering and exiting the cormtalme rhv sm(ﬁ )

summing to the rate of heat generation is equaihéorate of ¢, = F,V, = (6)
energy stored within the control volume. This pirat can be cos(@, + B, - a,) sin(g, - a,)

written as In these equationsh is the uncut chip thickness which

corresponds to feed rate in turning;is the cutting velocity;
= Eypey - (1) Tisthe shear flow stresg; , 5, and g, are the normal rake

Ein - Eout + Egenerated 'n’

angle, normal friction angle and normal shear gngle
respectively. The values of generated heat araupierof cut;

B. Heat conduction therefore, we can achieve the real values with ipivibg
The rate of heat conduction to the control voluniththe  them by depth of cut.

dimensions of dx, dy and dz from x, y and z

o . . . ) E. Heat stored
directions, are calle@,, Q, andQ,, respectively. The rate The amount of heat stored within the control volume
of heat conduction in three directions is defined a depends on volume, densjty, specific heat capaci§, and
the rate of temperature change in the control velum
: oT oT
Q, = ~kKA— = -kdydz—
ox ox £ c 2T dxdyd @)
: stored — pPL ——axdydz
Q, = NI ) (@) ot
oy oy
. oT oT It is assumed that heat flows from all surroundaigects
Q.= _kAa_ - kdxdya— : and enters to the control volume; therefore, that lbalance

equation can written as follow.

Here, k is the thermal conductivity and\ is the area of the oT
surface that is exposed to this heat conduction. Q, +Q, +Q, +Q,,, +Qdxdydz = pCa—dXdde (8)
t

C.Heat convection

Another way of heat transfer is convection from #lystem
to the surrounding air; the heat convection ratdiriscted from
the control volume to the surrounding air which tenwritten |
as following. Q=105+ ©)

In (8), Q is defined as the following term.

F. Discretizition of heat equation by explicit method
The problem must be discretized in time. The intgges

introduced for this purpose, whete= pAt and the finite-

Here, is the convection coefficient between the elemenfigterence approximate to the time derivative irutipn is
and the ambient air flowing around. The temperatafe expressed as

ambient air is considered equal to the room tentpera aT TP TP

therefore, room temperature is boundary conditiSome = ik ik

Qe =N A(T-T,) (3)

elements are not in contact with air so this tesodmes zero 6X At
for them. 6T T Pk~ T, Fj . 10
D.Heat generation ay At
The amount of generat«_ed heat depends on heat ¢jenera TP _T®
rate per control volume unit Ul __hikst iik
0z At
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The superscriptp denotes the time dependencelof the

time derivative is expressed in terms of tempeeatlifference
between the neyp +1) and previoug p) times.

In the explicit method of solution, these tempemeguare

evaluated at the previous§p) time. Hence, Eq. 10 is

considered to be a forward difference approximatorthe
time derivative. The accuracy of the finite diffece solution
may be improved by decreasing the values of nodaédrkion
and At .

An undesirable aspect of the explicit method ig th& not
unconditionally stable. In order to prevent the lexpmethod
from becoming unstable, the prescribed valueMf must be
maintained below a certain limit which depends tement
dimensions and other parameters of the system.

G.Finite difference equation for tool

In this section, after meshing of the tool,
differential equation is derived for each elementhis grid.
Notice that in the selection of the element numbdath
accuracy and time are of great importance. In thesgnt
paper, the optimum element number with proper piegiis
used for temperature estimation. Differential etumafor one
type of the elements is as the following.

kA'a—T + kA"a—T +kA" — Al
oy 0z

(11)
o0X

+hA(T-T,)= pcv%T

This element is shown in Fig. 1 (highligheted elathe

Fig. 1 Finite element modeling of insert

Here, it is assumed that element

a2, A=l andy _1”: Substituting these terms 1) in a
4 4 8

small time interval, the following equation is oipited.

K Tk Tk k| Tha T
4 I 4 [

+k|_2 T T +q3‘a|2 - P (T T
4 N 4 8 L'

12)
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By solving the nodal temperature of the n(ayy+1) time,
the following is achieved.

a_ 2kt 6t
Tllik pCl (-I—Ifljk T¥]+1k Tpk+1)+qw (13)
o2 ()
Here, some parameters are defined.
Fo=—_ (14)
pCl
hl
B =—= (15)
k

Fo is Fourier number angi is Biot number, and finally
we have

Tp+l_2FO(T|fljk TJ+1k+T[Ik+1+3C:(|]

(16)
+(+ 6Fo- 6FoxBi) T,

I1l.  EXPERIMENTAL VALIDATION

A.Tool and workpiece material

In both methods, IR and thermocouple, the qualificaset-
up is identical and metal removal is carried outhsbide tool
with triangle insert and constant geometry, where¢hie rake
angle 0, inclination angle 0, clearance angle 41 entering
angle 90 degrees on a C45 steel pipe (C45; carl2®dq) iron
98%, manganese 1.03%, silicon 0.28%, copper 0.2Hyrs
0.05%, phosphorous 0.04%) with 110mm diameter anth5
thickness. To enhance the accuracy and evennegspef
thickness, the inside and outside of the pipe weaehined on
a conventional lathe. Hence, the required diameted
thickness with different desirable depth of cutsn che
achieved. A schematic outline of insert is showRim 2.

dimensions are
Ax=Ay=Az; hence, A", A" and A™are equal surfaces,

Lt
Fake Face R - l
™k
¥ 0.5mm
Insert
0. Smm

Thermocouple
Fig. 2 The schematic outline of insert

A Phyfe model dynamometer with special tool-holder
including embedded K-Type thermocouple was usedssto
measure the cutting force, feed force and temperatu
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The thermocouple diameter is 0.5mm. The temperatumeachining could be avoided. The pyrometer is catdnt by a

ranges from -30 to +700 degrees centigrade, thembin is

about220x 60x 60mm and the weight is approximately 50N.

Photos of (a) dynamometer and (b) tool-holder &@ve in
Fig. 3.

(b)
Fig. 3 The photos of (a) dynamometer and (b) tadtiér

B. Infrared pyrometer

The temperature signals were measured by an imejobil

wholly digital and fast compact pyrometer for ailated
temperature range of -3 to +900 degrees centigritae laser
pilot lights direct the pyrometer to the measuniagition. The
size of the measurement spot was 0.3 mm, whiclkesponded
to a distance to the measurement surface of 0.2Tme.
pyrometer had a response time of 250 ms. Temperaifir
point A on the insert has been measured, as showigi 4.
This position is alongside the leading edge at limm the
cutting edge so that the effect of chip obstructiuring
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k-Type-thermocouple.
Chip

NS
o/

Position A

Fig. 4 Tool temperature measurement position (Anirared
pyrometer

C. Experimental set-up

The standalone temperature measurement work-station
consisted of an infrared pyrometer, mounted orctbes slide
of the lathe and placed directly over the tool réste during
the cutting tests, and the analysis software maume a
personal computer. Cutting force, feed force anal to
temperature were measured by dynamometer simulialyeo
To record the data from dynamometer, a Yokogawa4RQo
model oscilloscope and written software were uJdek total
time of sampling is 60000 ms and the total samptes60 in
quantity. The schematic description and photo gleexnental
set-up are shown ifig. 5.

Fig. 5 Schematic experimental Set-up

The cutting parameters used in the following experits
are shown in Table I.

TABLE |
CUTTING PARAMETERS FORDIFFERENTTESTS

Cutting speed (V) 131, 185, 263, 528, 733 (mm/s)

Depth of cut (h) 1.5,2.1,2.94, 4.1 (mm)

IV. RESULTS

Temperature field observed on the tool is measuitdam
infrared camera and compared to simulations foreethr
dimensional tool temperature field which is pertinan the
maximum rake face temperature of the tool from dhogonal
point of view.
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A. Temperature in various cutting speeds

In these experiments, the cutting speed (V) is @abke
parameter, as indicated in table I, the feed natedepth of cut
are 0.08 mm/rev and 1.5 mm, respectively. The tesul
achieved from infrared pyrometer are illustratedrig. 6. It
can be seen that in the beginning of the set-upteimperature
is increased with a rather steep slope, and as fiimgresses
the slope of curve decreases and approaches zero.
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Fig. 6 FTool temperature vs. Time in (a) V=131 mm/s, (b)185
mm/s, (¢) V=263 mm/s (d) V=528 mm/s and (e) V=38/s
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B. Tool temperature in various depth of cut

In these tests, the cutting speed and feed raté3drenm/s
and 0.08 mm/rev, respectively, and the effect adingiing
depth of cuts on tool temperature is consideredraitg to
table 1. The results from the embedded infraredmegter are

shown inFig. 1L One of the main points of these experiments 120F

demonstrates that the slope of the tool temperaturee
decreases intensely, moreover, the effect of deptbut on
tool temperature is less than that of feed ratecanttihg speed.
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Fig. 2 Tool temperature vs. Time in (a) h=1.5 mim,H(=2.1 mm, (c)
h=2.94 mm and (d) h=4.1 mm

V.CONCLUSION

In this paper, an accurate model of tool is presbtrand
three-dimensional temperature field on tool dunmngchining
is computed, and then compared with experimentak vom
C45 workpiece using carbide cutting tool insertee Tesults
of experiment can be used as inputs of the residtraks
prediction which is one of the other important eatrtopics in
the machining research.

Moreover, this work is carried out to obtain théatien
between tool temperature and cutting conditionshsas
cutting speed, feed rate and depth of cut. Accgrdio
performed experiments, the following results haveerb
obtained:

1SN1:0000000091950263



Open Science Index, Mechanical and Mechatronics Engineering VVol:6, No:8, 2012 publications.waset.org/14141.pdf

World Academy of Science, Engineering and Technology
International Journal of Mechanical and Mechatronics Engineering

Vol:6, No:8, 2012

1) Due to the complexity of machining processesious
measuring techniques should be integrated to obtain
temperature.

2) With an increase in the cutting speed, feed aatkdepth
of cut, the tool temperature is increased and theng speed
is found to be the most effective parameter in emfure rise,
especially in high range of cutting conditions.

3) When the cutting speed, feed rate, and depttubgre
considered, the cutting speed and feed rate wenedfto be
more effective than the depth of cut on tool terapge. By
increasing the feed rate and depth of cut more facspecific
range, the amount tool temperature approaches talranst
straight line with low slope and the feed rate fasd to be
more effective than the depth of cut in tool tenapere.
Therefore, in order to increase the chip removftiehcy, it
is better to increase the depth of cut and therease the feed
rate and cutting speed, respectively.
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