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Abstract—In machining operation the cutting process
involves severe plastic deformation in primary and
secondary deformation zones. The work done in affecting
plastic deformation reappears in the form of heat. The
rise in temperature leads to early wear of the tool and
dimensional inaccuracy of the finished product. Hence
estimation of temperature in machining new materials is
essential. A metal matrix composite being a new material
it is essential to note the temperature while machining
these materials. Hence a turning test on aluminum 6061-
based metal-matrix composites (MMCs) (aluminium-25%
SiC) was performed with K-20 carbide tool material to
asses the temperature which occurs in machining. The
experiments were conducted to measure the temperature
along the cutting tool edge using thermocouple at
various cutting speeds and depth of cuts keeping feed
rate constant while turning with K-20 carbide cutting
tool. A complex micromechanical process for a normally
loaded particulate reinforced metal matrix composite
against a tungsten carbide cutting tool has been modeled
using FEA. The MMC considered for the present work is
made up of Al-6061 aluminum alloy as matrix materials
in which SiC particles are uniformly dispersed. The heat
generation at the chip tool interface, frictional heat
generation at the tool flank and heat generation at the
work tool interface were calculated analytically and
imposed as boundary conditions. The analysis of steady
state heat transfer was carried out and the temperature
distribution at cutting edge, shear zone, and interface
regions has been reported.

Keywords—MMC, FEA, SiC, Thermocouple, Heat
Generation

I. INTRODUCTION
Metal matrix composites (MMCs) form one group
of the new engineering material that has received

considerable research since 1980s [1]. The most
popular reinforcements are silicon carbide and
alumina. Aluminum, titanium and magnesium
alloys are commonly used as the matrix phase. The
density of most MMCs is approximately one third
that of steel, resulting in high specific strength and
stiffness [2]. Due to these potentially attractive
properties, MMCs compete with super alloys,
ceramics, and plastics and redesigned steel parts in
several aerospace, astronautic, automobile and
military applications [3]. In addition, the sporting
goods industry and shipping industry has also been
in forefront in utilization these materials [4].
Despite many advantages, full implementation of
MMCs is cost-prohibitive.  This is partially due to
the poor machinability of the materials. The main
concern when machining particulate metal matrix
composites is extremely high tool wear, due to the
abrasive action of ceramic particles. Although near-
net-shape MMC components can be produced, final
finishing is still required for obtaining designed
final dimensions and required surface finish.
Significant cost and fabrication problems including
machining must be overcome for successful
application of these composites. Reports on
machining of aluminum-based MMCs reinforced
with ceramic particles are still scarce [5-8].
Machining metal matrix composites and the
difficulties associated with the same compared to
the monolithic material. Since, most part of the
machining constitutes the turning operations,
turning of aluminium-SiC metal matrix composite
are taken up for study.   .
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Further, the mechanism of chip removal, the tool
life, and the influence of cutting parameters are
studied. For a particular set of contacting materials,
wear mechanism maps have been used to identify
the ranges of normal pressure and velocity that
result in a particular wear mechanism. Cutting tool
wear research has established similar maps for feed
rate, which is related to pressure for a given
engagement condition and velocity [9]. The crater
wear condition with diffusion wear being the
dominant mechanism [10], Power, spindle torque,
and force components on the tool are useful
measurements [11]. Acoustic emission sensors are
also proving to be of value [12-13] and the tool-life
models are suggested by Zdebliek [14] et al.
measuring the performance of cutting tool materials
and geometries over a broad range of materials and
conditions is crucial to design improvement.
Modern machining methods require cutting tools to
be more versatile to handle a wide range of
operations in an effort to reduce inventories and tool
change time. A wide variety of machine tests are
being regularly conducted to meet this goal and to
understand the phenomena associated with
machining. These tests encompass work-piece
materials, cutting tools, operations and their
characterization [15-21].  To understand the
composite machining operations, it is necessary to
understand the cutting action that occurs in the
composites. This involves an analysis of the chip
formation mechanism, formation of the forces, and
deformations developed in the material, rise in
temperature which occurs during machining. To
best of author’s knowledge, no research has yet
been carried out to determine the temperature
distribution in aluminium-SiC metal matrix
composites. A solid, accurate, understandable
model for the chip formation of the material has not
yet been developed to the point of general
acceptance. Although, the finite element method is
commonly used approach for metal cutting
modeling, literature available on FE modeling of
metal matrix particulate composite machining is
very diminutive. In this paper, A complex
micromechanical process for a normally loaded
particulate reinforced metal matrix composite
against a tungsten carbide cutting tool has been
modeled using FEA. The MMC considered for the
present work is made up of Al-6061 aluminum alloy
as matrix materials in which SiC particles are
uniformly dispersed. As stated earlier, the

aluminium alloy is soft and binds the particles of
silicon carbide that enables the transfer and
distribution of the load to the reinforcement. In this
work the temperature distribution by using
experimental and finite element analysis in the tool,
work and interfaces are carried out and presented

I. EXPERIMENTAL EQUIPMENT/
PROCEDURE

In this method, high speed HMT lathe (1450 mm x
800 mm x 5.5 kW) is used. The tested workpiece
material is the aluminium composite aluminium as
matrix and silicon carbide as  particulate with a
diameter of 60mm, having a length of 225mm,
volume fraction of 70 percent with 30% SiC particle
reinforcement. The tested tool tips are square inserts
(12.7 mm and 12.7 mm x 4.7 mm, SNP-432-type)
with tool geometry of 0.50, 0.50, 50, 50, 150, 0.8 mm
which are set in a standard tool holder. The material
of the tool-tip is K-20 carbide tool with 94 percent
WC and 6 percent cobalt.

The cutting conditions are as follows: A depth of
cut (1 mm) and feed rate (0.1mm/rev) remain
constant throughout in all the tests, several spindle
speeds (i.e., cutting speeds) are chosen. The cutting
fluid is used for washing-off the chips.

2.1 Experimental Setup for Temperature
Measurement
A general turning experiment was taken as the basis
for the measurement of temperature distribution on
the cutting tool during machining. A thermocouple
was used to measure the temperatures at three
different points on the cutting tool. The
thermocouple consisting of a sensor was placed at
the chip tool junction and it served as the hot
junction.

Fig. 1: Thermocouple setup



540 A.A. Sri Rama Krishna, M. Sri Sai Kaushik, Vikramaditya T.V

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 5, Issue 3

March 2018

The room temperature (i.e., the ambient
temperature), was taken as the cold junction. A
filter circuit was designed and used to amplify the
obtained electromotive force values as these were
too small to be detected by the voltmeter
(multimeter). The schematic diagram of
thermocouple setup and circuit diagram of filter
circuit is shown in Figs 1 and 2, respectively.

Fig. 2:  Filter circuit-(1) breadboard, (2) 15-0-15
power supply, (3) digital millimeter, (4) 0-100

DC voltmeter.

The experimental set up is shown in Fig 3. The
experiments were conducted for different cutting
speeds, the depth of cuts (1mm), keeping feed rate
constant (0.1 mm/rev) and the corresponding
temperatures at the tooltip, middle of the tool, and
the end of the tool were measured. By using tool-
workpiece, thermocouple method. This method is
selected because it is an accurate method for
measuring temperature. By in planting
thermocouples at tip of the tool, middle of the tool,
end of the tool, and electromotive force (emf)
values were noted.  The obtained values of
electromotive force generated were converted to
their corresponding temperatures after calibrating
the thermocouple. The experimental setup for
measurement of temperature is shown in Figure 3.

Fig 3: Experimental setup for measurement of
temperature

2.2 Calibration of Thermocouple
After conducting the turning experiment, it was
necessary to calibrate the thermocouple to convert
the obtained electromotive force values to their
corresponding temperatures. The calibration was
carried using an electric muffle furnace as shown in
Fig. 4

Fig 4: Calibration of Thermocouple with Muffle
Furnace

The tool tip and the workpiece were placed inside
the furnace which served as the hot junction. The
other end of the workpiece, outside the furnace,
served as the cold junction. The calibration curve is
plotted and presented in Fig 5.
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Fig 5:  Thermal EMF and v/s Furnace
Temperature

The electromotive force values were taken from the
multitimer for a corresponding temperature of
thermocouple the obtained temperatures for the
same values of electromotive force during
calibration were taken as the corresponding
temperatures of the cutting tool during machining.
The values of temperatures at different cutting
speeds and at different points on the cutting tool
were obtained.

2.3 Numerical Analysis
2.3.1 Modeling
A two-dimensional finite element model was
constructed using explicit finite element software
package ANSYS/LS-DYNA, Version 11.
lagrangian formulation was used for material
continuum to develop plane strain model. The
workpiece was created as a single two dimensional
solid while the cutting tool was modeled as a two
dimensional rigid shank and an elastic assembly of
a insert the finite element model is as shown in fig.
6

Fig 6. Finite element-model of orthogonal cutting
mechanism

2.3.2 Governing Equations
The work tool and chip are treated as a single
system in which, it is assumed, all the mechanical
work is converted into heat. As the temperature
gradient along the width of the tool is assumed to be
zero, the governing differential equation for thermal
conduction is given by

……………(1)

Where and are the temperature gradients
along the feed and depth of cut respectively, K is
thermal conductivity of the tool material and qh is
the heat generated in cutting operation. The main
sources of heat generation in metal cutting are given
by the shear zone (qpl), where the main plastic
deformation occur; the chip tool interface zone (qf),
where secondary deformation due to friction
between the chip and the tool takes place; and the
work tool interface (qt) at flank, where frictional
rubbing occurs.

2.3.3 Heat Generation
In machining most of the energy spent in deforming
the material to generate chips and to sliding the chip
along the rake face is converted into thermal
energy. The heat generated during machining is one
of the main parameters that govern the tool wear
mechanisms and failure. Equations 2 to 6 suggested
by Kishway et.al [22] as a result of plastic
deformation the heat generated gives rise to heat per
unit volume (qpl)

…………… (2)
Where qpl is the heat rate generated per unit volume,
ηm is the fraction of dissipated mechanical energy

converted to heat, is the equivalent stress and

is the plastic strain rate. The chip carries away a
high fraction of the heat and the rest is dissipated
into the workpiece and the cutting tool. The heat
distribution depends on the cutting speed and the
thermal conductivity of the workpiece and the
cutting tool materials. The heat rate per unit area,
which is released at the chip/tool interface, is given
by

……………(3)
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Where qf is the frictional heat rate per unit area, ηf is
the fraction of the frictional energy converted into
heat, τc is the frictional shear stress and γ is the slip
rate. Depending on the heat absorption coefficient
of the cutting tool material, the heat conducted into
the cutting tool is based on the fraction of heat
energy channeled into the chip (β) and can be given
as

…………… (4)

……………(5)
The heat flux density leaving the tool/chip interface
as a function of frictional heat generation qf heat
flux due to deformation of the chip material at the
sticking friction region qc and  β is given by

……………(6)
2.3.4 Material Model and Material Properties
For the aluminum SiC Composite material and
tungsten carbide properties taken for analysis is
given in table 1 and table 2

TABLE 1
PHYSICAL PROPERTIES OF ALUMINUM AND

PARTICLE

Properties Al 6061 SiC
Modulus of Elasticity (E), Gpa 71.9 400
Poisson’s ratio 0.34 0.17
Thermal conductivity (w/mk) 180 30
Density (kg/m3) 2700 3700
Thermal expansion (10-6) 23.5 8

TABLE 2
PHYSICAL PROPERTIES OF TUNGSTEN CARBIDE

CUTTING INSERT

Properties Tungsten carbide
Density (kg/m3) 19,700
Poisson’s ratio 0.22
Thermal expansion (10-6) 4.5
Thermal conductivity, W/Mk 173
Elastic constant(Gpa) 700

2.3.5 Boundary Conditions
➢ The boundary of the workpiece is at room
temperature because the boundary is quite far from
the cutting region. Hence, there is no temperature
gradient along this boundary

➢ As the edge of the chip is nearer to the
cutting region, so the specified temperature

boundary conditions are imposed at the edge of the
chip.

The heat generation rates calculated are specified as
boundary conditions at the shear zone, chip/tool and
work/tool interfaces.

II. RESULTS & DISCUSSION
3.1 Experimental Temperature Results
The temperature values have been experimentally
found at different cutting speeds, (9.8 m/min, 15.7
m/min, 29.4 m/min and 50 m/min) and are shown in
Table 3. From Table 3, it can be observed that the
temperatures show a gradual decrease as the
distance from the cutting region increases.
Moreover, it can also be seen that the temperature
increases as the cutting speed increases, which
comply with the general rules of metal cutting,
since with an increase in the cutting speed, the
cutting forces involved lead to more heat
generation.

Three main heat sources exist in the deformation
zone: plastic deformation within the chip that is in
contact with the rake face, tool-chip interface
friction, and chip sliding velocity. Among above
mentioned sources the results indicate that the tool
chip interfacial friction is the most important factor
in increasing temperature value

TABLE 3
EXPERIMENTAL TEMPERATURES AT VARIOUS

CUTTING SPEEDS

Cutting
Speed

(m/min)

Location Temp.
(°C)

9.8

At the chip-tool interface 165

At the midpoint of tool 162

At the end of tool 153

15.7

At the chip-tool interface 195

At the midpoint of tool 183

At the end of tool 171

29.4

At the chip-tool interface 255

At the midpoint of tool 240

At the end of tool 225

50

At the chip-tool interface 315

At the midpoint of tool 294

At the end of the tool 285
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Figure 7 shows the relationship between the depth
of the cut and the cutting temperature at various
cutting speeds. It can be seen from this figure that
the temperature at the cutting edge is almost
proportional to the depth of the cut.

Fig 7: Variation of temperature at cutting edge
against depth of cut

The number of contacts between the cutting edge
and the thermocouple increase with an increase in
the depth of the cut.

Figures 8 and 9 show the temperature variation in
the cutting mechanism. Figure 8 shows the variation
of the cutting temperature in the workpiece in radial
direction against the cutting speed. From these
figures it can be observed that the temperature is
decreasing while one moves farthest from the
cutting edge. Figures 9 and 10 show the variation of
cutting temperature in axial direction, i.e., the tool
flank contact surface. From these figures, it can be
is observed that the temperature decreasing while
one moves from the contact edge to farther away
when increasing the cutting speed.

Fig. 8: Variation of cutting temperature against
cutting speed (radial direction)

Fig. 9: Variation of cutting temperature against
cutting speed (axial direction)

The variation of cutting temperature in chip
thickness is shown in Fig. 10. The temperature at
the chip- tool contact is very high and as one moves
farther away from the contact, there is a gradual
decrease in the temperature. From these figures, one
can observe that most of the heat concentration is in
the tool. This phenomenon is entirely different in
metals, where most of the heat is carried away by
the chip. The reason for this behaviour could be due
to the difference in cutting mechanisms. In the
composite materials, the cutting mechanism is more
of brittle fracture, involving a combination of
mechanisms like cutting, cracking, ploughing, and
abrasion. Moreover, the very small contact length
between the chip (dust or minute size of the chip)
and the tool can also be explained as one of the
reasons for the heat not been carried away by the
chips

Fig. 10: Variation of cutting temperature against
cutting speed (chip thickness)
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3.5.2 Comparison of Experimental Results with
Numerical ones.
Fig. 11 shows a comparative study of both the
experimental and the finite clement results of
temperatures at various cutting speeds. From the
graph, one can observe that the results show a good
correlation between the two methods (variation of
1.25 per cent only).

Fig. 11: Variation of cutting temperature against
cutting speed (both experimental and FEA results)

III. CONCLUSIONS
The Maximum temperature is observed at the chip-
tool interface at a cutting speed of 50m/min is
3150C. The temperature is gradually reducing along
radial and tangential to the direction to the tool
contact to the work. The temperature is also reduced
from the chip tool interface to the tool flank and
radial to the work. The experimental results are
correlated with finite element results and variation
of 1.25% was observed
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