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Abstract: In metal cutting, the study of heat became
vital as a result of the crucial effect that heat has on the
processes. Chip, tool, and workpiece are the three
primary constituents of every manual labour process.
Heat transmission between these three components is
essential, and it may have a major impact on the
performance of the machining. One of the causes for
this is the friction that occurs between the tool and the
chip, which may be generated by several different
things.

In this research, we sought to determine how much heat
a tool loses via its internal cooling system by monitoring
the movement of fluid water. three distinct kinds of flow
patterns for the tool were built using SolidWorks, and
after that, the CFD module in Ansys was researched for
the purpose of doing an analysis on the three different
models. maximum cutting zone temperature 100 degrees
Celsius. In order to tackle the overall analytical
problem, a computational fluid dynamics analysis
approach was applied. Ansys workbench module that
may be used to do simulation analysis. The goal of this
research is to create a cutting tool for machining that
has the greatest possible internal cooling flow channel.
This will allow for the highest possible rates of cooling

and heat transfer from the cutting zone of the tool.

Keywords: Cutting Tool, Ansys, CFD analysis, Thermal

analysis, cooling of tool.

INTRODUCTION

The typical process for cutting metal involves
eliminating metal from a workpiece using a cutting edge
(or edges) fashioned like a wedge on the cutting tool.
This results in the production of components. The words
"metal cutting”" and "chips" are used to describe the stuff
that was removed. Machining techniques such as
grinding, turning, milling, cutting, and broaching are
some examples of common operations that fall under
this category. Metal is the material that is machined
more often than any other kind of product, and the
techniques of metal machining are sometimes referred to
as metal cutting operations. Both the level at which an
action is carried out and the forces that are engaged are
referred to as its "level., are referred to as the cutting

conditions and cutting forces, respectively. [1].

On the other hand, a significant portion of our business
is devoted to more traditional methods of metal cutting.
Large machinery stores may be found in a variety of
industries, including aerospace, electrical engineering,
railroads, shipbuilding, aviation, and even the machine-
tools business. These industries have thousands of
individuals working in the processing sector. Metal cuts
remain the most economically advantageous technique,
despite the fact that many efforts have been made to
develop ways to manufacture components that decrease
material pollution, such as cold forging, precision

casting, and powder metalworking, and it is anticipated
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that this will continue to be the case for many years into

the future.

In the process of cutting metal, the form of a large-angle
wedge that is asymmetrically produced from the work
content needs an instrument that is specifically designed
to cut metal in order to separate a thinner layer from a
body that is much thicker. The coating has to be
sufficiently thin to withstand the load that is being
applied while also allowing for the formation of a
clearance angle on the cutter, which will prevent the
clearing face from accessing the newly generated work

surface.

Single-Point Cutting Tools

A SPCT is mechanically implied by its shank (or body),
which serves as a blade directed towards one foot.
Forming, forming, boring, and similar processes. This
blade is also suitable for bracing, welding, or
mechanically attaching to one side of a framed or
embedded solid piece of steel. They may be found in
computers, shapers, planners, and comparison systems.
Machining entails rotational movement coupled with

translational motion over the course of the process.
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Fig 1: Single-point cutting tool nomenclature

(6]

Fig 2: The cutting angle of a tool with a single
point of cutting [6]

Typically, a single point cutting tool is used for both the
hardware shank and the so-called point cutting
component. The foundation, cutting face, end flank,
side/side/main flank, and side/side/main flank are the
only areas from which the cutting device may draw
inspiration. The side and major flank of the abs are what
the chip slides over, creating the ab's side/main edge.
The ‘'air conditioned' front end line is framed by a
merger of the end flank and the base. Sometimes a knife

non

is used to cut the chip at the "a" or "nose" point.

Literature Review

The process of doing a literature review entail looking at
what other authors have written about Single point
cutting tool heat removal using Internal cooling system
analysis. The literature study provided context and
background information that was utilized to introduce

something novel to the topic.

Shengrong SHU et. al. (2021) It is possible that the
insert in the cutting tool used for this research has its
cutting tool tip cooled from both the inside and the
outside. discussion of a unique turning tool that uses a
combination of circulation internal cooling and spray
cooling to remove chips from the cutting zone. ANSYS
The cooling performance of the composite cooling
turning tool is investigated using fluid and thermal fluid
solid coupling analysis. The internal spray cooling

structure is optimized using CFD simulations based on



International Journal of Science, Technology and Management (IISTM) ISSN (online): 2321-774X

Volume 10, Issue 1, 2023

the Taguchi Method, and the best geometric parameters
are chosen. By combining spray cooling technology
with an already-existing turning tool with circulating
internal cooling, the innovative turning tool prototype is
made viable. Cutting tests are used to examine and
evaluate the proposed innovative turning tool system's

cooling efficiency and usability in more detail.

B Sowgandhi et. al. (2019) In this research, An
extensive investigation is made into the machine's
machining and operating circumstances when it is using
its internal cooling system. Two examples are the
technologies used in space and missiles. High hardness
and excellent physical qualities are used in these
industries' materials. This kind of machining produces a
lot of heat, which obstructs chip flow. The longevity of
the tool also diminishes with the quality of the machined
surfaces. Effective cooling strategies are employed to
reduce temperature in the cutting zones since tool
temperature leads to wear and mechanical strength
degradation. The creation of a closed internal cooling
system is becoming more and more necessary as a result
of new cooling technologies. Wet and dry machining
have been contrasted. A green interior cooling system

decreases temperature, according to a temperature study.

T.S. Ogedengbe et. al. (2019) In the course of this
research, numerous different kinds of mechanical
circumstances, the effects of heat on the workpiece and
the instrument, and several solutions for reducing heat in
cutting zones were looked at. The purpose of this
investigation is to simulate the amount of heat that is
lost. In order to calculate the percentage ratio, the Ansys
version 19.1 software employed many distinct strategies
for the removal of heat from the simulated environment.
It was found that heat production was the source of two
different kinds of tool wear: crater wear and flank wear.
Because of this, the life of the tool was shortened, and it
produced inaccurate dimensions. Additionally, the
surface was damaged, and the corrosion on the

workpiece was severe. Several methods of heat

reduction and varieties of refrigerants were investigated,
as well as the benefits and drawbacks associated with

each of them.

A.M. Ravi et. al. (2018) The objective of this research
is to develop a novel cooling system that can control the
temperature at the tip of the tool, hence reducing the
cutting forces required and the pace at which the tool
wears out. The components were made of HCWCI, and
the inserts in the cutting tools were CBN. At the
periphery of the instrument holder, vast passages for the
flow of cold water in a smooth manner were developed.
In order to carry out the experiments, the Taguchi
method was implemented. The test results demonstrate a
considerable reduction in the cutting forces and rate of

tool wear.

Sandip Manel et. al. (2017) The article examined heat
and how it affects the generation of temperature spikes
in metalworking as well as potential controls for such
temperature surges. When cutting metal, the production
of heat is very important since it controls the mechanism
of the machining process and, as a result, the economy
of the machining. The hardness, strength, and durability
of the tool are all degraded when it is exposed to
temperatures that are too high. An excessive quantity of
heat is produced in the cutting zone, changing the
dimensions of the machined product and perhaps
thermally damaging the region being machined. Tool
wear, tool life, and surface integrity are all affected by
interactions between tool chips and tool workpieces. An
essential machining parameter might be the contact
length of the tool chip, which determines how much
heat can be dissipated from the secondary deformation
zone. Therefore, it is of the utmost importance to reduce
the quantity of heat that is introduced into the cutting
tool. In general, it is highly essential to examine the
process of heat production, heat partitioning, and

temperature division in mechanical procedures.

Ananth Sidagam et. al. (2017) They created and

examined single point cutting tools with standard angles
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in CATIAVS5R20 before doing their research in
ANSYS15.0. Following the distribution of the analysis's
findings, they tweaked the geometrical design and
created a variety of tools with varying back rake degrees
before analyzing each one separately. It is advantageous
because the surface area of the tool reduces and stress
rises as the cutting angles rise. In order to minimize the
amount of work material deformation generated by the
tool, the optimal cutting angle is set at the point of
maximal stress, which is located at the lowest cross
sectional area of the tool tip. As a result, the instrument

produces less heat and causes fewer wounds.

Venkatesh Babu, et. al. (2017) They investigated
single point cutting tool wear in a CNC turning centre.
Using a single point revolving technique on 41Cr4 steel,
titanium nitride (TiN)-coated carbide cutting tool inserts
were used to describe tool wear. This study
demonstrates that increasing the feed rate and
optimizing the coolant fraction both increase product
quality and decrease product rejects. Four different feed
rate settings were tested, each with a different coolant

proportion.

Nanjan Biddappa et. al. (2017) Utilizing work for
variable Depth of Cut and Speed, how the stress is
distributed near the very end of the SPCT is estimated.
Various cutting speeds and depths are rationally
analyzed for the cutting tool stresses. CATIA V5 R21
has finished the modelling of the single-point cutting
tool. The ANSYS 15 application is then used to import
and mesh the model. Then, pressure readings taken at
different cutting depths and speeds are fed to the
program. The computer program analyzes the finite
element and decides how quickly to evaluate the model
in different DOCS. The tool's end likewise experiences
equivalent pressures and shear stresses. The restricted
element analysis of a single point cutting tool finds the
greatest stresses on the tool end, which are the primary
cause of failure. Near the tool tip, the most severe

distortion occurs, blurring the tool and leading to failure.

Poonam D. Kurekar et. al. (2017) They investigate the
outcomes of the temperature testing and cutting services
performed using the Single Point Cutting Tool. During
high-speed machining processes, the temperature at the
end of the tool is constantly checked. When it comes to
the management of the process at the cutting point of the
tool, heat is a crucial factor. In order to investigate the
experimental temperature dimension three distinct tests
are performed concurrently during the machining
process at slow, medium, and high speeds respectively.
The models that are created in the CATIA software are
used as the Single Point Cutting Tool, and then the
models are imported into the ANSYS application for
further processing. With the use of temperature
measurement, one is able to figure out how the
temperature is distributed over the cutting tool, which is
done. According to the results of stress tests performed
on the instrument used for cutting, the impact of the
cutting force is much greater than that of the thrust

force.

Pranay Batwe et. al. (2017) Research on the optimal
cutting angle of a tool's tip was reviewed. Tools with a
single cutting point are called "single-point., yet this one
point allows them to perform a wide variety of tasks,
including boring, shaping, and rotating. These tools are
used in machines such as lathes, boring machines, and
shapers. Because of the Cutting Force, a Large Number
of Forces and Temperatures Get Created Between
Them, Which Causes It To Be Damaged By Using
Thermocouple Also Measure Its Temperature, Which

Causes It To Improve Its Tool Life.

S Gajanana et. al. (2017) When milling AL6061 alloy
with a single point cutting tool, the cutting speed,
supply, and depth of cut were the process parameters
that needed to be tuned. After choosing further tests that
are appropriate for the computer being utilized, the
testing is done. The software Design Expert integrates
equipment for measuring surface roughness, removal

rates, and cutting forces of items. The inputs are
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approximations in order to get more accurate results,
and an equation is developed for each of the parameters.
Cutting strength, roughness, and metal deduction rate
are all affected by several input factors; this paper
presents experimental techniques for assessing these
effects.(FLD). It is recommended to make use of
ANOVA to figure out the contribution of each

component.

B. Denkena et. al. (2016) The effect of hammers and
process factors on the amount of heat produced in the
workpiece is examined empirically. We also provide a
simulation that, given the process parameters, can
estimate the workpiece's temperature. In this
investigation, we analyzed how chamfered cuts
influence stability and thermal output. In experiments
with frying thin-walled components, it was discovered
that chamfered cutting edges were more stable than
sharp ones. Sharp cutting edges generate far less heat in
the workpiece than do chopped edges. Aluminium
alloys are more likely to have soft spots because of this.
The maximum temperature of the workpiece may be

lowered by increasing the feed per tooth.

Shambharkar et. al. (2016) The impact of operation-
related heat and cuts on the Single Point Cutting Tool
(SSCT) was studied. In the testing, a thermocouple is
used to monitor the temperature at varying cut depths;
the results show that the temperature increases with
increasing cut depth. At varying cutting depths, the
tool's cutting strengths are calculated analytically. The
PRO-Engineer Wildfire-4 software was used to model
the single-point cutting tool. After that, ANSYS is used
to import the pattern and mesh it. The program is fed
information like the temperature data and the expected
forces at various cutting depths. Using finite element
analysis, the program evaluated and calculated the
stresses generated at the tool tip and the distortion of the
tool tip under different forces. According to the finite-
element analysis, the top of the single-point tools are

where the highest stress is produced, making them most

prone to breaking. The blurring defect of the tool is also

the main source of distortion at its tip.

Tianjian Li et. al. (2016) In this research, a solid
penalizing insulating material (SIMP) was added to the
tool flow channel design in order to enhance mechanical
and heat conduction evaluations by computational fluid
dynamics (CFD) simulation. The mechanical and
thermal data from a typical instrument are used to
develop a model for optimizing the sound structure of an
internally cooled tool. The new instrument is more
efficient than its predecessor in terms of heat and
maximum temperature reduction while maintaining little
deformation. The main performance of a freshly
equipped tool is determined by thermal interaction at
varying flux rates, and includes maximum tool
temperature, ideal flow rate, maximum refreshment

capacity, and thermal field dispersion.

METHODOLOGY AND MODELLING

The FEM may be used to numerically solve a wide
variety of construction-related issues. The method is
broad enough to accommodate any complicated shape or
geometry, across all materials, under all possible
constraints and stacking situations. Current complicated
building frameworks and structures are taken into
account in the comprehensive declaration of the
component strategy. These settings often do not have
closed-form arrangements for administering balancing
conditions. In addition, it is a crucial technique for
designers to implement parametric notions of structure
and to dissect the best structure while considering a
wide range of structural instances (different kinds,

materials, charges, etc.).

In the aerospace sector, the technique first emerged as a

means of analysing strain in a complex aircraft structure.
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Matrix check is a construction method often used in the
aerospace industry. The technology has risen in
popularity among experts and regular users alike. A
strategy for a tiny component is predicated on the
premise that any given body or system may be broken
down into smaller, more manageable pieces by using
discrete units of measurement. The first of a set of
bodies or structures with a certain number of nodes is

considered.

Methodology of the work involved in Designing and
Simulation

Every single engineering simulation relies on geometry
as its basic building block, regardless of whether the
principal feature being modelled is the main
characteristic of a structural measure, a fluid's air
volume, or an electromagnetic field. Either the engineer
creates the geometry from scratch or utilizes a CAD
system, or the geometry is generated from scratch by the
engineer. A geometry analysis tool is an ANSYS
concepts model. The usage of ANSYS Design Modeller
software has been established by simulation geometry
that is specifically created and formed. Knowledge that
is no longer necessary for engineering simulation is
found in geometry. The only component that has to be
included is physics, which is simulated using the boom
solver to save running time. Utilizing this knowledge for
a brief period of time is more effective than spreading it

out across many hours or days.

Model Designing of Tool with
various Internal cooling flow path

3d model design in SolidWorks

Import 3d Model in Ansys

Workbench

Performed meshing on Tool Model

Applying inlet water condition of
Tool internal cooling

Run Simulation Analysis

Qutput Results

Figure 3: Diagrammatic representation of the

research process

Modelling and Analysis

The tool's design is completed in SolidWorks 2020, and
the finished model is then loaded into Ansys
workbench. The fluidflow module in Ansys will be used
to complete the CFD study, and that is where the
analysis's last stage will begin. The figure below, which
was made in SolidWorks, shows the modelled cutting

tool with an internal cooling system.
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Fig 4: Flow route of the interior cooling system's spiral

Fig 5: displays the flow route of the linear internal

cooling system

¢

Fig 6: depicts the flow route of the rectangular internal

cooling system.

Ansys's simulation analysis process in steps

Figure 7 depicts the imported tool model for

Ansys, which was created in SolidWorks.
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Fig 7: Import of Tool Model in Ansys

The meshing on the tool may be seen in Figure 8. In the
finite volume approach, the mesh takes into
consideration the points that come together to create a
collection of cells. The variables are defined by the use
of subvolumes, also known as elements with nodes,
using the finite element techniques. The values of the
dependent variables, which might include things like
temperature, strain, and speed, are utilized for
everything. The quality of the mesh plays a significant

role in determining the consistency of the CFD result.

...... [CE e o G

Fig 8: Applying Mesh to the Model of the Tool

The boundary conditions for every tool model that was
built are shown in Figure 9. At this point, we have
applied a temperature of 100°C to the tool's cutting
zone, and we have applied 10°C, 15°C, 20°C, 25°C, and
30°C to the water's input temperature along the internal

cooling flow channel.
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Fig 9: Using Tool Model Boundary Conditions

Considered in the finite technique of volume mesh are
the points that together make up a set of volumes
referred to as cells. Elements having subvolumes that
are defined by nodes are referred to as finite elements.
These approaches are used by the finite elements. the
many factors, such as temperature, strain, distance, and
so on, for each and every dimension. The quality of the
CFD analysis results is highly reliant on the mesh size.
Too many cells will cause the solver to take a lengthy

time, while too few will result in insufficient tests.

Following the completion of the simulation study, the
output results of tool performance during internal
cooling flow route were obtained for calculating the
amount of heat lost in the cutting zone. Within the scope
of this investigation, our goal is to identify the most
effective and appropriate model of tool to improve

overall production efficiency.
RESULTS AND DISCUSSION

For the current investigation, ANSYS 14.0 student
version has been used. Through the use of internal
cooling systems and flow path analysis, the reason of
single point cutting tool temperature reduction at the
cutting zone has been investigated. The tool geometry at
the top surface of the tool has been heated to a
temperature of 100 0C. Here, different temperatures of
the incoming cooling water are being utilized to
evaluate how the tools behave. These temperatures
range from 100C to 300C. the figures listed below
Describe the temperature reduction at the cutting zone

after internal cooling flow was applied, starting at 100

0C, and record the temperature. On the left side of the
figures, a colour bar has been added to display the tool's

high and low temperature values.

Drop in temperature in the cutting zone due to the
shape of the tool
Internal cooling tool with linear parallel flow pattern

and incoming water flow

The figures depict the cutting tool's internal cooling
system's linear pattern flow. The temperature of the

tool's cutting zone decreased from 100° C.
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Fig 10: cutting instrument with linear pattern

flow and 10°C water at inlet
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Figure 11: water temperature at the entrance of

the cutter and a linear flow pattern at 15°C
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Figure 12: Water temperature at the point of

entry influences the flow pattern of the cutting

tool at 20°C

Fig 13: cutting instrument with a linear pattern

flow and a temperature at the inlet at 25°C
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Figure 14: Water temperature at the point of
entry influences the flow pattern of the cutting

tool at 30°C

Heat dissipation in the cutting zone of the tool
is shown in figures 4.1-4.5, which display the
findings of the tool model at a linear flow route
of the internal cooling system. When the
maximum tool temperature reaches 100
degrees Celsius, the tool's final temperature
will be determined using an internal water flow

cooling system.

4.3. Results of the interior cooling tool's
output

The temperature changes of a cutting tool with
an inbuilt cooling system are shown in Table 1,
suggests that there is a table in a document or
research paper labeled as "Table 1." This table
provides information about the changes or
fluctuations in temperature observed in a
cutting tool that is equipped with an internal

cooling system.

Table 1: the output of a cutting tool with an

inbuilt cooling system
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Fig 4.16: Temperature changes in linear flow-

patterned cutting tools
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Figure 4.16: Variations in cutting tool

temperature with spiral flow
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Figure 4.16: Variations in cutting tool

temperature with a rectangular flow pattern

The table data provides the results or
measurements obtained from testing a cutting
tool with an internal cooling system under
different inlet water temperatures and cooling
flow patterns. Here's an interpretation of the

data:

The table has four columns representing
different cooling flow patterns: Linear Parallel,
Spiral Circular, and Rectangular. The first
column lists the inlet temperature of the water

used for cooling the cutting tool.

For each combination of inlet water
temperature and cooling flow pattern, the
corresponding temperature readings for the
cutting tool are provided in the respective cells

of the table.

For example, at an inlet water temperature of
10°C, the cutting tool temperature is recorded
as 40.8°C for the Linear Parallel flow pattern,
45.9°C for the Spiral Circular flow pattern, and
45.1°C for the Rectangular flow pattern. These

temperature readings indicate how effectively
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each cooling flow pattern dissipates heat and

regulates the cutting tool's temperature.

Similarly, the temperature readings are
provided for inlet water temperatures of 15°C,
20°C, 25°C, and 30°C, allowing a comparison
of the cooling performance under different

conditions.

By analyzing this data, researchers can draw
conclusions about the effectiveness of the
internal cooling system and the influence of
different cooling flow patterns on the cutting
tool's temperature. This information can be
utilized to optimize the cooling system design
and select the most suitable cooling flow
pattern for efficient and controlled temperature

management during cutting operations.

Comparative analysis of the outcomes
achieved with different flow path patterns

for internal cooling in cutting tools

Figure 4.17 illustrates the differences in the
flow patterns that result when a linear pattern, a
spiral pattern, and a rectangular design are

compared.
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Figure 4.17: Comparative analysis of the
temperatures of the cutting zone for each flow

shape

The speed of moving water quickens as more heat is
applied to it. During the course of our experiment, we
measured an intake water velocity of 0.2 meters per
second. The heat transfer that occurs in water causes the
water's velocity to rise when it travels through the flow
route that is part of the tool's internal cooling system.
Table 4.2 displays the water velocities that were
produced as a consequence of the discharge.
Table 4.2: 0.2 m/s intake water velocity and 0.4 m/s

outlet water velocity

Linear Parallel Pattern Flow 1076
Spiral Circular Pattern Flow 181EH01
Rectangular Pattern flow 6.32E401
Conclusion

For the design of the cutting tool, the inlet and outlet
diameters of the hole have the largest influence on the
efficacy of the tool cooling in relation to cutting speed,
fluctuations in the temperature of the intake waters, and
changes in the flow route of the inner cooling system.
We investigated the possibility of heat loss in the cutting
zone in order to lengthen the life of the tool, improve
manufacturing output, and maintain a high level of

workpiece quality.

Within the scope of this investigation, we devised three
distinct flow patterns for the purpose of internal cooling
of the tool at the cutting zone. The temperature of the
water that comes in might range anywhere from 10°C to
30°C.

According to the tool model analysis, we have obtained
the final output findings, which are mentioned further

below:
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» The highest temperature that can be reached in
the cutting zone is 100° degrees Celsius; after
that, we discovered that the lowest temperature
that can be reached in a linear parallel pattern
flow is 40.8° degrees Celsius, which is lower
than 100° degrees Celsius.

» After the water has circulated through the
internal cooling system, we have determined
that the maximum temperature at rectangular
pattern flow is 57.9 degrees Celsius. This
temperature is greater in all models in
comparison to the temperatures found in other
models. Although the temperature drops from
1,00° degrees Celsius to 57.90 degrees Celsius,
the rectangular pattern does not provide
superior cooling than alternative designs.
Therefore, this is effective for cooling, but not

to the same extent as other designs.

» Results from flows with spiral circular pattern
and flows with rectangular pattern are
comparable to one another.

» According to the findings of the research, the
tool model with a linear pattern flow route of
the internal cooling system that uses water as
the flowing medium delivers the greatest
results when combating the passage of heat at
the cutting zone. Compared to other designs,
this one is efficient for providing the most
amount of cooling.

» According to the findings of the research, we
raised the temperature of the water as it entered
the system, which led to an increase in the
water's temperature as it exited the system.
However, the instrument with a linear flow
pattern produces satisfactory results even while
the temperature of the incoming water is rising.

» Because of this, we may conclude that the
linear flow pattern tool model produces the best

results for heat loss in the cutting tool.

Future Scope

There is much room for development in both the tool
storage and the coolant system designs. The tool holder
may be modified in a number of ways, including the
creation of a chamber located below the shim, the
creation of minute grooves located beneath the tool bit,
or the use of geometrically distinct patterns such as
spirals, helical shapes, and so on. Utilizing the internal
cooling process that takes place through the heat pipe is
still another alternative. In order to get better outcomes,
it is possible to make use of refrigerants such as

nanofluids and brine solution coolants.
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