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ABSTRACT

The distribution of temperature, the deformations and the cutting forces in the
cutting zone during chip formation are very important aspects of the process.
Therefore, they have great influence in results of machining. Tool wear, the
precision of the machining operations and the finishing superface are some of the
results that affect the economy of the process. This study has the objective of an
evaluation offered potentialitiesfor simulating chip formation using Finite Element
Method (FEM). Four models with sufficiently different principles are used to
exploring the most recent innovations. In the models, WC tools coated TiN was
used to machine AlSI 4340 steel. The simulations provide a study and detailed
examination of temperature distribution, deformations, cutting forces, flow of
material and an enormous amount of information that could be useful for the
analysisof new processesand optimization of existing processes. Additionally, they
open new horizon in the study of the chip formation. The simulations also
demonstrate the complexity of the chip formation process, which creates many
difficulties for its analysis using based analytical equations in constants. Some
comparisons are established with experimental results found in temperature
measurements.
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INTRODUCTION Due to the large amount of materias for tools on the
market, you must know the process and understand the
wear mechanisms of the tools to make a great choice,
aiming economy (Machado and Alisson, 1988). Virtually all
mechanical assembly is subjected to some type of machining

operation at an ealy stage, intermediate or final

Currently, the increase in industrial production and
market competitiveness make companies seek theassimilation
of new technologies in the continuous improvement of
manufacturing processes. Consequently, the products
become every day further refined and qualified and their prices

more competitive and affordable to meet the needs and
requirementsof customersand consumers(Villetaetal., 2012;
Ducloux, 2014).

According to Trent (1991), the machining operationisthe
most versatile and most common method of manufacture and
recognized as the most popular manufacturing process of the
world, transforming into chips somewhere around 10% of all
production metals, employing tens of thousands of people
throughout the world.
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manufacturing, given the fact that it provides a high standard
of finish, with flexibility and quality. Parts that are machined
products originating from the most diverse manufacturing
processessuch ascasting, forming, welding, etc. (Trent, 1991).
Among the machining process, the turning is the simplest and
most widely used in the industry as it has high flexibility,
compatibility with the environment, low setup time, etc. The
turning movement based in part around its own axis, allowing
cylindrical parts manufactured by means of a uniform
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movement of rotation. This requires three relative motions
between theworkpieceand the tool, namely: Cutting motion,
forward motion and depth of movement. The process occurs
by withdrawing, in continuous general, the chip of a part or
body-of- the test piece. The chip removed by a mono-cutting
tool, which should have hardness greater than the hardness of
the body of the test piece. An investigation of the cutting
temperatureisessential to understand the mechanisms of wear
of thetool material, thereby improving the process efficiency
(Ren et al., 2004).

During the cutting operations of metals, the temperature
is generated by plastic deformation of the chip in the shear
plane and the friction a the interface tool/chip and
tool/body-of - the test piece. The distribution of temperaturein
the cutting zone and especially, heat dissipation depend on
machining parameters, tool edge preparation, thermosphysical
properties of thetool material and body-of-the- test piece such
as thermal conductivity, thermal diffusion and heat transfer
coefficient. The dissipation of heat occurs through, mainly by
the chip, the body of the test piece, the tool and the
environment. The temperature generated during machining
operationisacrucia factor that determines the wear and tool
life, theintegrity of the body surface of thetest piece, the chip
formation mechanism and the thermal deformation of the
cutting tool. According to Trent (1991) the cost of machining
greatly depends on the material remova rate and can be
reduced by increasing the cutting speed and/or advance but
there are limits regarding the life of the tool because of the
heat generated in cutting edge.

According to Ferraresi (1977), the formation and
transmission of heat in the cutting are very complex, because
with increasing temperature change the physical and
mechanical characteristics of the metalwork. The temperature
acting on the cutting edge directly influences the tool wear,
limits the application of higher cutting regimes and therefore
fixing the maximum conditions of productivity and duration of
toals.

According to Ferraresi (1977) in Modern Industry, timeis
one of the most important factors that influence from the
production cost, so there is a great need of decreased
production timepiece, particularly reducing time and the
number of machining operationswithout excessive additionto
the tool cost. In the cutting process, an optimal temperature
would cause the local ductility machining the body of the test
piece of the material without causing significant deterioration
of the resistance tool (El-Wardany et al., 1996). There have
been several waysto study the generation and transmission of
heat in machining processes and the Finite Element Method
(FEM) the latest (Mahnama and Movahhedy, 2012).

The Finite Element Method (FEM) iswidely used to get
the values of stress, strain, displacement, shear stress, shear
rate, plastic deformation (the thickness of the chip isthe shear
angle), temperature distribution in the cutting zone, etc. The
FEM has among its qualities to material savings and time
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consumptioninrelation to actual experimentsand can estimate
the temperature of the cutting tool, chip and test body during
the turning process (Hajmohammadi et al., 2014).

For the experimental measuring temperature distribution
in the region chip formation, there are many techniques, the
most common being; calorimetric, thermocouple, thermal
coatings and heat radiation. The main objective of this study
isto estimatethetemperaturedistributioninthechip formation
region using the method of Finite Element Methods (FEM).
Will usethe software with routine solution ABAQUS/Explicit
applying the explicit integration technique in time. This
solution is applied to non-linear dynamic problems.

There will also be comparisons of simulated results with
the experimental in terms of temperature measured by
thermocouples and shear force measured by piezoelectric
dynamometer. Thecomparison betweenthetemperatureval ues
used to set the capacity of the simulated model to reproduce
reality. The comparison between the force valuesto establish
an order of magnitude between energy estimated by simulation
and that spent in real cutting, which isdirectly proportional to
the temperature in the cutting area.

MATERIALSAND METHODS

Many of the economic and machining technical problems
are caused directly or indirectly by the action of heat. The heat
problem in machining isinitially introduced by FW Taylor in
1907 in his article “On the art of cutting metals’ in the
development of new high-speed steels (Trent, 1991;
Longbottom and Lanham, 2006) just for turning operations.

The main sources of heat in the chip formation process
are due to the plastic deformation of the chip in the shear
region (primary shear zone), chip friction with the release tool
surface (secondary shear zone). In addition, thefriction of the
garment with the incident surface of the tool (or the impact
surfaces of the three-dimensional form) as shown in Fig. 1
(Ferraresi, 1977; Rech et al., 2005; Grzesik and Nieslony,
2003; O’ Sullivan and Cotterell, 2001; Singamneni, 2005).

Thetemperatureinthe cutting areadepends on the contact
between the tool and the chip, the size of the cutting force and
the conditions of friction between the tool/workpiece
materials. Excessive heat causes a high temperaturein thetool
side, which softens and accelerates wear of the tool and his
break (Saglam et al., 2007).

Ay and Yang (1998), Borelli et al. (2001), Saglam et al.
(2006) and Dhar et al. (2006), reported that with the increase
of the cutting speed used in the operation of the modern
machining, the thermal aspects of heat becomes very
important. Not only doesit directly influencesthe rate of wear
of the tool but also affects the accuracy (recognition with
thermal expansion) of the machining and the roughness of the
surface finish. However, it is necessary to calculate precisely
the rate of heat generation in cutting and the temperature
distribution on theworkpiece surface. This prediction of the
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Fig. 1: Areas of the heat generating in the machining

temperature distribution is very important because it
affects the maximum cutting speed while affecting the
economics of the operation. Thermal energy isone of themain
factors that affect the accuracy during the process for the
induction of thermal expansion of the tool and the workpiece.
The effect of thermal influence on the accuracy is one of the
largest sources of error, which affectsthe size and accuracy of
form of the piece. According to Zhou et al. (2004), thermal
effects contribute more than 50% of the total error of the
workpiece.

Da Silvaand Wallbank (1999), Abukhshim et al. (2006),
Saglam et al. (2006) and O’ Sullivan and Cotterell (2001),
stated that the heat generated in the cutting zone is affected by
many factors, namely:

«  Cutting conditions (cutting speed, feed rate and depth of
cut) and soda

e The thermal properties of tool and workpiece (thermal
conductivity)

*  The mechanical properties (material resistance)

« Tribological conditions and the time of contact between
tool/chip

O’ Sullivan and Cotterell (2001) and Grzesik et al. (2005),
stated that the temperature generated in the primary shear
zone affects the mechanical properties of the materia
chip/body-of-piece materials and the interfaces tool/chip and
tool/body-of-piece influences the tool wear, mainly on the
output and duty surfaces. The heat generated in the secondary
shear zone is the most responsible for the supply temperature
of the cutting tool.

The temperature of the tool cannot be considered as a
major problem in machining of soft materials and of low
melting point. Such asaluminum and magnesi um but becomes
the factor controller removal rate of material, when the
machining of hard materialsand of high melting point, such as
castiron, steel, nickel alloysandtitaniumalloys(Machado and
Silva, 2004; Abukhshim et al., 2006).

For non-abrasive solid metal chips formed during
machining average cutting speed is assumed to between
20 and 35% of the heat in the primary zone (Tay et al., 1976;
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Wright and Trent, 1974). Vernaza et al. (2002) reported that
17% of the heat generated in the primary zone flows into
piece. For very low metal removal rate, the amount of heat
that is aways high of 50%. Moriwaki et al. (1993) assumed
that half of the heat generated dueto friction between thetool
and workpieceis supplied to piece and the other half isastool
for heat flow. Thus, 10-30% of the heat generated enters the
tool Takeuchi et al. (1982).

Machado and Silva (2004), O'Sullivan and
Cotterell (2001), Abukhshim et al. (2006), Da Silva and
Wallbank (1999) claimed that the chip dissipates much of this
“Generated heat”, asmall percentage is dissipated by another
pieceand theenvironment. The remainder goesto tool cutting.
Although this represents only remaining small percentage
(8-10%), the temperature rise associated with this heat is
significant, reaching in some cases, 1100°C, which
compromises heavily the resistance tool.

Mechanisms of formation of the chip: The study of the
formation of the chip in various machining processes is of
paramount importance (Ferraresi, 1977; Wright and Trent,
1974; Lucas et al., 2005; Diniz et al., 1999). Since the
formation of the chip influences on many factors related to
machining, such as tool wear, cutting forces, heat generated,
built up edge cut, workpiece surface finish, chip breaks,
vibration, force behavior machining, temperatures and
penetration of the cutting fluid. Therefore, the process of chip
formation involves many factors such as use of the machine
tool, operator safety, product quality, economic etc. The first
studies to explain the mechanism of formation of the chip,
madeinthelate 19th century, considered that the phenomenon
occurs by the fracture of the material ahead of the tool cutting
edge. However, the shear plane theory (Lucaset al., 2005)
promptly replaced this assumption. According to Lucas et al.
(2005), Piispanen published important research resultsand are
considered today the first detailed analysis of the mechanism
of formation of the chip. The deformation of thematerial inthe
orthogonal cutting was analyzed qualitatively and proposed a
model in which the deformation occurred by shearing the chip
(neat) over successiveinclined planesin relation to the cutting
direction.
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The chip deformation mechanism can be explained
considering the volume of metal moving toward the cutting
wedge (Machado and Silva, 2004). The action tool represses
the volume. At this point, the metal begins to undergo elastic
deformation. With the continuation of the process, the yield
strength is overcome and the materia starts to deform
plastically. Plastic deformationskeep happening until tensions
are no longer sufficient to maintain this regime. A primary
shear zone is well defined and to facilitate the study, it is
represented by asingle plane.

After thematerial undergoesplastic regime, advancing the
tool causes the voltages exceed the endurance limit of the
materia till in the primary shear zone, promoting breakage,
which begins with the opening of a crack and it can extend.
The extent of crack propagation, which mainly dependsonthe
ductility or brittlenessof theworkpiecematerial will determine
the class chip, i.e. continuous or discontinuous.

After passing through the primary region of shear, the
volume of material can only move over the tool’s output
surface and leave as a component or lamella chips. However,
acrossthe primary zone of shear it deformsplastically to anew
format. Understanding the conditions of these chip-tool
interfaces is of fundamental importance for analysis of the
cutting process.

Interface chip/tool: The formation of the chip is a process
periodic, with each cycle in four distinct stages, namely:
repression or elastic deformation, plastic deformation,
breaking and moving or slipping on the output surface of the
tool (Machado and Silva, 2004). The conditions under which
this happens dlip (slipping of the chip over the rake surface of
the tool) have remarkable influences on the entire process.
Particularly, in the proper chip formation mechanism, the
strength of machining, the heat generated during cutting and
thusthe cutting temperature, the mechanisms and rate of wear
of cutting toolsand thereforethelife of thetools. It istherefore
necessary to understand how to process the chip movement
alongthetool'soutput surface. AsKomanduri and Hou (2001),
the maximum temperature at the exit surface or the clearance
surface of a cutting tool determines the maximum material
removal rate. Thus, the optimization of machining conditions,
especially the cutting speed depends on thetemperaturetool of
resistance.

The tribological phenomenon in chip-tool interface
controls the formation of the chip and affect the wear of the
tool (Gekonde and Subramania, 2002; Moufki et al., 2004). In
the tool/chip interface friction important condition is affected
by heat induced by the large values of pressure and shear rate.
The classical concept of friction based on the laws Coulomb
and Amonton (the frictional force F is proportiona to the
norma force N, i.e. F = uN; where, p is the friction
coefficient) isnot suitablefor the cutting of metals. Wherethe
normal pressure to the tool output surfaces are very high (can
reach 3.5 GN m~2, in the machining of some steels). The
conditions of the tool-chip interface are therefore one of the
most important areas of study machining. Doing so, however,
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has been amajor challenge, because few conclusionsthat can
be drawn from direct observations during cutting. Most
theories available studies was derived from this interface
after the cut has been stopped (using quick-stops) and
measurements of strain and temperature in that region.

Method: The method used is of FEM simulation, orthogonal
cutting compared with tests experimental oblique cut, the
study of temperature, strength and plastic deformation.

Compared with the experimental test measured
temperature in (Aneiro et al., 2008).

Finiteelement method mode for temperaturedistribution
in the cutting zone: The finite element method is a powerful
tool that allows the estimation process variables where it is
difficult to obtain data by experimental methods. Several
programs are able to solve the problem coupled between
efforts and temperature. The explicit method is more suitable
for smulationsthat have nonlinear deformationsinlargestrain
rate and temperature there is generated in the contact between
tool surfaces/chip and tool/workpiece during the formation of
the chip. The simulation of chip formation can be performed
using several models, each with its specia features, which
make them more suitable for certain situations.

The problemis solved in 3 steps distinct and essential for
the use of the finite element method: preprocessing step,
simulation and post-processing step.

Pre-processing: This is the preparation of the physical
problem to fix it later. It is the step that makes the modeling,
defining geometry of the workpiece and thetool, properties of
theworkpieceand tool materials, cutting conditions, boundary
conditions, load, type of mesh element, the grid density and
the choice of adaptive mesh (mesh adaptative), etc.

The parameters used for the modeling are shownin
Table 1.

Table 2 shows the values used for the simulation
parameters tool with some other values of employees angles.

The formation of the chip is modeled as shown below
Fig. 2.

e Modd 1, ve = 150 m min™* f = 0.07 mm rev?,
b=0.2mm

e WC coated with TiN in AIS| 4340

«  Modd 3,vc =200 mmin~tf=0.07 mmrev? b=02
mm

e WC coated with TiN in AIS| 4340

_,.1» m—

Fig. 2: Geometries of the tool and the workpiece
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Table 1: Parameters used for modeling

Vo (mmin™) f(mmrev™") g (mm) Piece(AlSl) Substratum Coverage
150 0.07 0.2 4340 wcC TiN
150 0.17 0.2 4340 wcC TiN
200 0.07 0.2 4340 wcC TiN
200 0.17 0.2 4340 wcC TiN

Table 2: Tool geometry

Parameters Values
Angle of inclination (°) -6
Clearance angle (°) 6
Approach angle (°) 95
Toal tip radius (mm) 0.8

Table 3: Thermal parameters of the workpiece, tool and coverage

Thermal parameters WC AISI 4340 TiN
Density, r (kg m—) 14950.00 7850.00 5220.00
Thermal conductivity | (W/m°C) 20.00 44.50 19.00
Y oung's modulus E (GPa) 400.00 205.00 600.00
Poisson’s coefficient v 0.21 0.30 0.25

Specific heat Cp (Jkg°C) 21000 475.00 -
Thermal diffusivity ad (x10~° m? sec™) - 11.93 -
Thermal expansion (um/m°C) 13.70 9.40
Tout (°C) - 1710.00 -
T oom (°C) 3500 3500 3500

The tool has been modeled as elastic materials with
isotropic conductivity, density, specific heat, Poissons ratio,
Young's modulus, thermal diffusivity, thermal expansion,
melting temperature (T melt) and temperature (Troom).
Table 3 showsthevaueswith units(SI) corresponding to each
property.

The physical properties of the workpiece materia are of
fundamental importance for the correct simulation of chip
formation. The chipisfreeto flow or break, according to their
physical properties, which depend on the stresses,
deformations and temperature. The material model proposed
by Johnson-Cook isone of the most convenient and one
that produces excellent results in describing the material
behavior in the formation of the chip (Coelho et al., 2007).
The workpiece material was modeled as isotropic
elasto-plastic-term follow Johnson-Cook curve according to
the following equation:

5=(A+ Bs”){1+ cm[{iML (TL:_TTmmjm}

where, o is the equivalent stress, ¢ is the equivalent plastic
strain, & is the plastic strain ratio, &, is the rate of
deformation related (1.05™), T, 4o iSthe ambient temperature,
Tt iSthemelting temperature, A isthe equivalent shear stress
(MPa), B ishardening module; nisthe exponent of cold work,
C is the coefficient of shear rate dependence of strength
(MPa), misthermal coefficient.

Theinteractionsbetween tool/workpieceand chip/tool are
quite complex involving friction and tribol ogical phenomena,
whose theories are not fully consolidated. The contact
between tool and workpiece and thefriction playsanimportant
role in metal cutting, they determine the quality of the
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Fig. 3: Initial mesh and the condition of the contour for model
training analyzed chips

machined surface and the energy generated during the
process. Inthis study, the contact surfaces between algorithms
(surface-to-surface) are employed based on Coulomb friction
law (the shear stresst is proportional to the normal tension o,
that is:

T=Ho

where, 1 is the friction coefficient. The Coulomb friction is
recognized as valid in cases where the normal stressis small
compared to the shear stress of the materials involved. In the
caseof chipformation, the normal stresses canreach very high
values and in this case, the proportion between them may not
be constant. Therefore, the stress t is equal to an upper limit
|ess shear stress between the friction materials. Moreover, the
friction coefficient may vary with temperature, sincethe cover
is oxidized by changing the surface properties at high
temperatures. The values used in each model are listed as
W = 0.65. This was considered good second Coelho’s work
(Coelho et al., 2007).

Themesh isanimportant step in the process of simulation
by finite element because it determines the accuracy of the
result. Additionally, where the materials are subject to large
deformations, as may be the case of certain materialsin chip
formation, the mesh may be deformed excessively
compromising theresults. Y oumust havefiner meshin critical
areaswherethe gradientscan bevery large. Moreover, the use
of uniform and very fine mesh in the region leads to a very
high number of elements which results in longer times for
resolution. In this study, an adaptive mesh is used with a
Eulerian formulation for some nodes to a mixed Lagrangian
formulation in others. It is called Adaptive Lagrangean-
Eulerian method (ALE), sinceboth reference systemsareused
to mesh. In the case of Abagus® program the command
“AdaptiveMesh Constraint” wasused to restrict themovement
of the nodes near the root of the chip, making them Eulerian.
Thisfeatureisonly compatiblewiththe explicit method. Thus,
these remained fixed while the workpiece material flowed by
thereof. In this method the material is not broken and behaves
like a “Fluid” high viscosity. This model best suited to the
study of the formation of continuous chip when the processis
already established. Turning continuous processes are the best
examples to application of four types of models. Figure 3
shows the initial mesh tool and workpiece.
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In the black region of Fig. 3, there are many small
elements. The tooal is fixed in both directions and the part is
fixed inthey direction. The pieceis moving against the speed
with tool 150 or 200 m min~ in plane strain state (plane
gtrain).

In this study, this energy will be 98% transformed into
heat, although that percentage can be changed in the
simulation.

RESULTSAND DISCUSSION

Distribution of temperaturein the cutting zone: Figure 4
shows the temperature distribution at t = 0.8 ms for the 4
conditions cutting.

In general, numerical simulations of the heat partitioning
inthe cutting zoneincluding the tool and the chip were carried
out for variable cutting parameters cutting, i.e., speed of 150
and 200 m min~?, feed rate of 0.07 and 0.17 mm rev—* and
depth of cut of 0.2 mm.

In addition, an analytical model for heat transfer in the
cutting tool and its partitioning, proposed by Grzesik and
Nieslony (2003, 2004) was employed to generate the input
data to computations of the tool-chip interface temperature.

Observing Fig. 4, it can be noted that there is no
disruption of the workpiece material, which is uniformly
requested, allowing greater deformationsand thereforegreater
energy is converted into heat. In al cases, thefrictionis also
contributes to increase the energy being converted into heat.
Thisfinding agreesqualitatively withfinitedifferenceanalysis
predictionsstudy of Grzesik et al. (2004). It was also observed
that the heat rate increases in the vicinity of the cutting edge
and changesfor the cutting tool materialsused (Grzesik et al.,
2005; Grzesik, 2006).

The maximum temperature in the cutting area for four
conditions after the elapsed time of 0.8 ms, are shown in
Table 4.

All these values in Table 4 are higher in the interface
tool/chip than in the primary shear zone due to additional
heat during dliding the chip, the plastic work and friction
between tool/chip; by analyzing the figures temperature, it is
clear that the advancement has an important role with respect
to the generation of temperature during machining. The
increase of this parameter f = 0.07 mmrev— for f = 0.17 mm
rev—' causes a significant rise in temperature in the cutting
zone.

Forcesin cutting tool: Figure 5 shows the directions of the
forces x and y. Figure 6a shows the forces Tool averagesin
function of timein the x direction (Fx) and y (Fy) by Abagus
simulation program and Fig. 6b for Fx and Fy by experiments,
measured with the dynamometer.

For both the simul ated and for experimental, by increasing
the cutting speed, the cutting forcetendsto decrease dueto the
increased heat generation. This increase causes a decrease of
the mechanical properties of the workpiece material, to
facilitate chip formation.
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Table 4: Maximum temperatures for each cutting conditions

Maximum temperature (° C) Ve (mmin™) b (mm) f (mmrev™)
829 150 0.2 0.07
949 150 0.2 0.17
868 200 0.2 0.07
982 200 0.2 0.17

Regarding the progress of machining, an increasein this
parameter f = 0.07 mm rev— for f = 0.17 mm rev—* causes a
rise in the areas of plans of shear primary and secondary
leading to an increase in cutting force and thus the energy
required to shear thematerial, which translatesinto anincrease
in temperature.

Comparing the 2 results, it can be seen that the shear force
diagram of the four simulated models using finite element is
approximated to the actual experiments. The forces of actua
experiments are larger than those due to the simulation tests
aredonein three dimensionsand simulation oblique cut intwo
orthogonal dimensions in the cutting and the friction
coefficients of the interface chip/tool and the tool/workpiece
between tests and simulations are different. The three
dimensional cut has larger areas of tool-chip contact and ask
thematerial deformsin 3 dimensionsleading to ahigher value
of machining force. In conclusion, that any progress in the
prediction ability of the metal cutting theory cannot be
achievedif thesingle-shear planemodel isstill inthevery core
of thistheory (Astakhov, 2005).

Temperatures in the shear plane: Three points along the
shear plane are collected in function of time, to analyze the
behavior of the temperature. One is positioned in the central
region B and the other at each end of the plane (A andC
regions), asshown in Fig. 7. It wasrelatively difficult to find
aways the same points on the shear plane due to the
configuration of the nodes, which will change as the chip is
formed. Thus, thelocation of these pointsisapproximated, but
would be equival ent to thetemperature measurement along the
shear plane for chip formation.

Figure 8 shows the results of measurements made inthe
shear plane as the chip were formed. Points of yellow color
corresponds to region A that are close to the tool. The points
of pink color corresponds to region B which points were
located in the middle of the shear plane and the blue color that
corresponds to the region C that are located the other end of
the plane.

Through an analysis of the selected temperature in the
shear plane over time points, one can observe that:

» Inal simulations, the four cutting conditions during the
first few secondsthe temperature increasesrapidly. After
the temperature increase is slower presenting a smaller
gradient. Temperatures near the cutting edge of the tool,
for thefour models, increase with time and cutting are
higher during chip formation, itself. The temperatures of
the pointsthat are located on the primary shear plane are
between 100 and 400°C. A sudden change in the
temperature rise on either side of the shear band heat
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Fig. 4(a-d): Distribution of temperature in the cutting zone at t = 0.8 ms, (a) Condition 1, vc = 150 m min™, f = 0.07 mm rev—,
b=0.2 mm, WC coated with TiN with AISI 4340, (b) Condition 2, vc=150mmin~?, f =0.17 mmrev—, b= 0.2 mm,
WC coated with TiN with Al S| 4340, (c) Condition 3, vc =200 mmin~?, f =0.07 mmrev—?, b=0.2 mm, WC coated
with TiN with AISI 4340 and (d) Condition 4, vc =200 m min~, f = 0.17 mm rev—, b = 0.2 mm, WC coated with
TiN with AISI 4340
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Fig. 5: Directions x and y of forces (Fx and Fy)
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Fig. 6(a-b): Average cutting force in function of time for 4 cutting conditions obtained by (a8) FEM simulation and (b)

source. This is because the shear plane is assumed as a
line instead of a zone. It may be pointed out that these
models assume the temperature rise at the chip-tool
interface to be nearly uniform and equals the average
temperature rise in this volume, as (Komanduri and
Hou, 2000) concluded

It is observed that the temperature at the shear plane
increases when the carbide tool coated with TiN
comes into contact with the workpiece AlS| 4340 until
reaching a relatively stable conditions for 4 cutting
condition.

The effect of feed leads to an increase in temperature of
the shear plane irrespective of the position in the
measuring

Fig. 7: Location of the threeregions A, B and C in the shear plane

The temperature rise in the primary shear plane is not
much influenced by the cutting speed, which apparently
contradicts the current theory on these variables.
However, the speed increase was very small and the
values are already relatively high, which may explain
this slight increase in temperature as a function of shear
rate

Deformations on machined surfaces: Figure 9 shows

the maximum and minimum deformation on machined

surfaces.

One of the main sources of heat in the process of

formation of the chip isdueto plastic deformation of thechip

inthe shear region (primary shear zone). It can be seen that the
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Fig. 8(a-d): Temperatures of the various pointsin the shear plane, (a) Condition 1, vc=150 mmin, f =0.07 mmrev7,
b=0.2mm WC coated with TiN with AISI 4340, (b) Condition 2, vc=150mmin~,f =0.17 mmrev—, b= 0.2 mm
WC coated with TiN with Al SI 4340, (c) Condition 3, vc =200 mmin~?, f =0.07 mmrev—, b= 0.2 mm WC coated
with TiN with AISI 4340 and (d) Condition 4, vc =200 m min~?, f =0.17 mmrev—, b = 0.2 mm WC coated with
TiN with AlSI 4340

(a) Temp (Ave.Crit.: 758)
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(b) Temp (Ave. Crit.: 758)
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Fig. 9(a-b): Deformations in the machined surfaces t = 0.008 sec, (a) Condition 4, vc=200mmin—, f=0.17 mmrev,
b =0.2 mm WC coated with TiIN with AISI 4340 and (b) Condition 1, vc=150mmin~?, f =0.07 mmrev?,
b = 0.2 mm WC coated with TiN with AISI 4340
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maximum deformation occursin condition 4 dueto machining
conditions and the advance speed, which is maximal for this
experiment. In this case, the tool used has aradius of 0.8 mm
and the minimum cutting depth of 0.2 mm was applied, which
is smaller than the radius of the tool tip and the cutting area
two arcs of circumference. The process of plastic deformation
during the formation of chip is very close to the cutting edge
dueto the small value of the cut section (f and g,). In addition,
the active cutting edge of thetool isincreased dueto increased
&, With thisincreases the amount of heat that acts on the tool
causing increased temperature. On the contrary, if the radius
of thetool tip islessthan the active part of the cutting edge of
the tool the temperature is lower.

With increasing shear rate for vc = 200 m min~ and feed
f =0.17 mmrev—inthe condition 4, thethermal aspects of the
court could affect the dimensional accuracy (in the form of
thermal expansion) of machining. The effect of thermal
influence onthe accuracy isoneof thelargest sourcesof errors
that affect the size and accuracy of the piece.

CONCLUSION

The models obtained by FEM have several qualities,
including the economy of material and time relative to actual
experiments and may estimate the distribution of temperature,
stressand strain in the shear zone and theinterfaces during the
turning process. Themodel showsthat the highest temperature
is generate at the interface tool/chip than in the primary shear
zone due to the additional heat during the sliding of the chip.

The forward, the cutting depth and the cutting speed
machining play important roles, for influencing the generation
of heat in the interface tool/chip and the tool/body-test piece
and the primary shear zone, the shear plane.

The smulation is do in two dimensions, orthogonal
cutting, so it is difficult to measure the temperature in the
primary shear zone, because there is not always node in this
region and therefore, an oscillation in temperature occurs. In
the future, it can be sought better ways, for example, placing
more elements in this region to find the temperatures in the
primary shear plane.

In future work, other training models of the chip can be
devel oped to study and investigate the effect of microstructure
on machining using FEM. The finite element method is not
ideal but may help understand the mechanisms of the process
of chip formation. Thetemperature can aso be used to provide
micro-structural changesin the machined material, which can
lead to damage in the surface layer of the part.

The application of suggested topics to other
manufacturing processes for machining, such as milling,
drilling, grinding and using FEM, seeking a correlation
between phenomenaobserved in different processes can bean
important issue for many future research.

Although, still early in its development the simulation of
chip formation aready producing important results. In the

Www.ansinet.com
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future, more studies and data from the behavior of the
materials in chip forming conditions are required. Likewise,
the rupturing under the same conditions criteria are required.
Studies by JOHNSON-COOK aready produced useful and
applicable results, but only exist for a limited group of
materials.
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