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MODELLING AND ANALYSIS OF CNC TURNING PROCESS
Mohd Aseerullah

ABSTRACT

In this new technological world, CNC and manual turning operations engage in a
significant role in different types of designing and manufacturing industries. Before
initiating the manufacturing processes, analysis is a crucial part of the manufacturing
process. This study involves modelling and analysis of the CNC machining process
of a cylindrical AA6082-T6 workpiece with a Tungsten Carbide tip tool. A 3D model
is first modelled on CATIA V5 and the analysis is then carried on in Ansys R19.2’s
explicit module. The experimental and analytical results are carried out to justify the
work. The cutting parameters used in CNC machining are Spindle rotational speed,
feed rate, and depth of cut. By FEA analysis the values of the stresses and the strains
are calculated and then compared to the analytical results that was calculated by the
help of the experimental values we get by performing the experiment on a CNC
machine. The CNC machine employed is Siemens Sinumerik 828D. When the
experiment was carried out the cutting specifications used during CNC machining are
spindle rotational speed, feed rate, and depth of cut. The percentage error value for
Normal Stress differed too much already when compared to Shear Stress and Shear
Strain. This demonstrates that aluminum is best suited for machining operations and
that it could also be used more effectively.
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CHAPTER 1

1 INTRODUCTION

1.1 BACKGROUND

In the manufacturing industry, modeling and analysis play a critical part in assessing product
quality. Product quality is the most essential aspect of a product life cycle. Sometimes,
Product quality also decides the product life in the market. Quality and consumer satisfaction
are the two fundamental goals of any equipment or manufacturing business that every
company in the world strives to achieve. Machining is the primary metal processing activity
performed on a daily basis in many industrial businesses. Many processing parameters
influence the quality of metal cutting obtained, and these process parameters influence the
output responsiveness and performance characteristics of the final product to be
manufactured. In a conclusion, the primary step in the process of a product's life cycle is the
selection of the standard protocol and the proper criterion. Poor process and parameter
selection lead to non-optimal machine operation, which can impact tool sharpness and, in
some situations, tool and workpiece wear and tear. A cutting tool is used in the metal cutting
process to process and remove surplus material from the workpiece in order to transform the
workpiece into a desirable part that may subsequently be employed in a variety of activities.
The process of creating a high-quality end product at a cheap cost is an important component
of a product's life cycle, and it may be accomplished by selecting the appropriate tool
material, cutter settings, machine equipment, and tool geometry.

The most significant manufacturing step is machining. Machining is described as the
removal of material from a workpiece in the form of chips to gain the desired product as a
result. When the material is metallic, the phrase metal cutting is employed. When compared
to forming, molding, and casting operations, most machining has a very cheap set-up cost.
However, high-volume machining is far more costly. Machining is essential when
dimensions and finishes must be held to strict tolerances. The market and procedures in
manufacturing sectors are changing very swiftly, therefore to keep pace with the changing
in the contemporary world, the optimization of metalworking operations is conducted on
several levels to adapt to the new needs in the production unit. In this thesis the modeling
and the analysis of the turning process are done with the software explained later in this
chapter and the process is an automatic process that is performed on a CNC machine instead
of a Lathe machine as nowadays CNC is mostly used for the production in the manufacturing
industry.



1.2 CNC Turning

Turning is the technique for removing the outside diameter of a revolving cylindrical
workpiece using a single-point cutting tool. Whenever we need to minimize the diameter of
a workpiece, particularly within a certain diameter, and also to achieve a smooth surface, we
perform a CNC turning or turning operation. When this technique is carried out with the
assistance of a computer-based lathe, it is termed a CNC turning operation. To conduct the
CNC turning process, the component programmed will be sent to the computer, which
accomplishes the operation without the intervention of external labor or very less
intervention from the labor. A turret equipped with tooling is programmed to travel to the
raw material bar and remove material to produce a desirable outcome. Because it includes
material removal, this is also known as "subtraction machining” as it is a type of machining.
You cannot avoid shafts in machine construction to transport power from the motor to the
moving components. Shafts must be turned. However, CNC turning and drilling are widely
used in a variety of sectors to make axis-symmetric components.

Figure 1.1 Turning Process

CNC stands for computer numerical control, which means that automated systems operate
the machines. A Digital code is used as input which is known as G-code. This controls all
tool motions and spin speed, as well as other supporting operations such as coolant usage.
In a CNC Turning process, there are four steps involved. The first step involves creating a
digital representation of the part in a CAD (Computer-Aided Design) System. The second
step is to create or generate the machining code from the CAD files and this machine code
is known as the part program. The third step is to set up the lathe i.e., placing the workpiece
and the tool in their respective places for the machining process. The fourth and last step is
manufacturing the turned parts and getting the desirable part as the output of the process.



1.3 Software Used

There is two software used in this thesis, one is for creating a 3D model of the system i.e.,
the tool and the workpiece, and the other one is for the analysis of the system. The software
used for creating the 3D model of the system is Catia V5 and the software used for the
analysis of the system is Ansys R19.2. This Software is explained in detail in the following
section.

1.3.1 CATIAVS

Catia V5 is an acronym that stands for Computer-Aided Three-Dimensional Interactive
Application and V5 denotes the version level of the software which is version level 5 of the
system in this case. It's much more than just a CAD (Computer-Aided Design) tool. It is also
a comprehensive application package that includes many other packages like CAD, CAE
(Computer-Aided Engineering), and CAM (Computer-Aided Manufacture). Catia is
software developed by a French company named Dassault Systemes, which currently
maintains and develops the software. Dassault Systemes released CATIA for the first time
in the year 1977 it was originally designed to be used in the design of the Dassault Mirage
fighter jet and it was developed many times since then.

P
25

caTia

Figure 1.2 Logo of CATIA software

1.3.2 Ansys R19.2

Ansys, Inc. is an American corporation headquartered in Canonsburg, Pennsylvania. It
creates and sells CAE/Multiphysics engineering simulators for product design, product
development, testing, and operations, and it serves clients all over the world. John Swanson
founded Ansys in 1970. Throughout the 2000s, the company purchased a variety of other
design engineering firms, gaining further technologies for fluid dynamics, electronics



development, and physics analysis. Swanson established Ansys in his farmhouse in
Pittsburgh under the name Swanson Analysis Systems Inc. (SASI). Swanson produced the
very first Ansys software using punch cards and a mainframe computer leased by the hour.
Ansys builds and distributes engineering simulation software for utilization across the
product’s life cycle.

Ansys Mechanical finite element analysis software is used to simulate computer models of
structures, electronics, or machine components to analyze their toughness,
electromagnetism, elasticity, strength, temperature distribution, fluid flow, and other
characteristics. Ansys is used to assess how a product will perform amid diverse conditions
without any need for testing equipment or crash testing. Ansys package, for example, may
predict how a bridge will hold up after years of activity, how to best process salmon in a
cannery to save wastage, or how to build a swing or a slide that uses less material while
enhancing safety.

\Nnsys

Figure 1.3 Logo of Ansys Software

1.4 PARAMETRIC MODELLING

Parametric modeling is a modeling approach that allows the form of the model geometry to
vary as the dimension value changes. To determine the dimension and shape of the model,
metric modeling is accomplished using a designed computer programming code such as a
script. In CAD systems, during batch modeling, Parametric Modeling techniques play a
major role. It may alter or design by changing the parameters’ values. Parameters are used to
express geometric characteristics and features to relate dimensions with equations and
integers in basic parametric modeling. When opposed to the traditional modeling techniques,
parametric modeling explicitly establishes relationships among dimensions and limitations.
It can help reduce the time and avoid making mistakes regularly.

A commercial CAD System such as Catia is necessary to suit the requirements of the lathe
tool parametric modeling. The tool model with parameters may be constructed with custom
rules, imported into FEA software, and then results are calculated. The system will then
automatically generate an appropriate 3-D model of the lathe tool for FEA computation by
adjusting turning parameters such as cutting depth, feed rate, and workpiece diameter.



1.5 LITERATURE REVIEW

Mayur Verma et al. in the year 2019 carried out experimental, analytical, and simulated
investigations of CNC turning using various tool inputs. There are numerous alloys in the
industry that are extremely difficult to process, necessitating the use of a precise tool, optimal
machining settings, tool geometry, and cutting conditions. Resources of various types are
vital, difficult, time-consuming, and revenue work for companies in producing the best
quality goods at the lowest possible cost to clients. The simulated environment's anticipated
characteristics, such as heat, forces, and strain, are confirmed using CNC turning operations
utilizing L9 Taguchi orthogonal arrays on Stainless steel AISI 304 with various inserts.
Cutting Speed, Feed, and Cutting depth is the CNC turning process parameters used. Any
associated analysis may be performed using the verified simulation model. Finite element
simulations of CNC turning operations on Stainless steel AISI 304 with various inserts such
as Cubic Boron Nitride and Tungsten Carbide inserts are performed in this numerical and
experimental study, and the effect of CNC turning process parameters is studied in light of
experimental data. Carbide tool inserts and cubic boron nitride tool inserts are the two types
of tools employed. Forces are estimated using an analytical study with a workpiece made of
aluminum 6061-T6 alloy and an AISI 1045 steel tip tool. The analysis program ANSYS is
used to perform numerical research on the orthogonal turning of Aluminum 6061-T6 Alloy
with AISI 1045 steel. In the analytical investigation, a workpiece of Aluminum 6061-T6
Alloy is utilized with an AISI 1045 steel tooltip, and forces are determined. To verify the
simulated environment, simulated studies for orthogonal, oblique, and cylindrical turning
processes are done by using two different combinations, namely aluminum 6061-T6 alloy
with AISI 1045 steel tooltip and aluminum 6061-T6 alloy with Tungsten Carbide tooltip to
anticipate forces and temperatures. In the experiment, the workpiece is stainless steel AlSI
304, and the tool elements are Tungsten Carbide and CBN.

R.K. Bharilya et al. in the year 2015 published a paper in which the trials are conducted
using three distinct materials: carburized mild steel, aluminum alloys, and brass. As input,
three parameters are provided: spindle speed, depth of cut, and feed rate. When machining
hard materials, the depth of cut and feed should be reduced to a minimum, whereas when
machining light materials, the depth of cut and feed should then be enhanced since it gives
a superior surface finish in the turning process. The purpose of this research is to investigate
the optimization of machining parameters for the turning operation of a specific workpiece
made of Carburized Mild Steel. Aluminum alloys and brass were manufactured on a CNC
machine and tested using a cutting force dynamometer. A dynamometer is a particularly
effective piece of machinery for measuring cutting force, and the rotating tool used for
precision cutting is constructed of tungsten carbide. The aim is to minimize cutting forces
and boost cutting speed in turning operations by utilizing a force dynamometer to optimize
process parameters and determine the best surface finish of a specific workpiece. According
to our findings, improved surface condition, i.e., surface polish and homogeneity, has been
discovered. This might result in lower production costs for elevated CNC machining. The
result of this article is that the optimization process for the turning operation with surface
quality checks is highly efficient in this technique, with the parameters supplied as T, f, and
S. The test results reveal that the optimization report proves the traditionally regarded three
control factors (process parameters) such as spindle speed(S), depth of cut(T), and feed
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rate(f) that impact material finishing and a wide range of tests for Carburized Mild Steel,
Aluminum Alloys, and Brass for surface quality/finishing are optimized.

Magdum Vikas B. et al. in year 2013. In this study, materials for tool and process parameters
for forces in turning are chosen for a lot of different aspects. This paper demonstrates a
methodology for optimizing cutting forces and other factors. ANOVA and Taguchi
orthogonal array are employed for optimizing, and experimentation are carried out to get
optimized results, with the outcomes of the trials providing the minimal thrust force.
Experiments are carried out in this work to investigate the influence of cutting parameters
such as cutting speed, feed rate, and depth of cut on surface roughness during dry turning of
40C8.The goal of this research is to develop multiple regression analyses to gain a better
knowledge of the impacts of rotation speed, feed, and cutting depth on surface roughness.
For the research setup, a factorial of experiments matching to sessions was used. The
contribution of each element to the outcome is determined using an analysis of variance. The
feed rate is shown to be the most influential characteristic impacting surface roughness,
followed by cutting speed and depth of cut. A number of studies have been carried out in
order to begin characterizing the elements influencing surface roughness during the turning
process. The influence of rotation speed, flow rate, and cutting depth on 40C8 surface
roughness was investigated. The resulting model, which takes into account rotation speed,
flow rate, cutting depth, and any two-variable relationships, forecasts surface roughness
rather well. The processing parameters tested had a substantial impact on the surface quality
of the machined workpiece. Overall, the study finds that feed is the most important element
among those evaluated, second by cutting rate and depth of cut. The most important
interactions influencing surface roughness of machined surfaces were those between cutting
speed and feed.

Dr. Vijay Kumar et al. in year 2017. The influence of lubricating, feed rate, depth of cut, and
spindle speed upon EN 19 steel has indeed been explored in this study using L18 Taguchi's
orthogonal array, and the relevance of the process variables is assessed using ANOVA. The
goal of this study is to cut EN 19 stainless steel material using a CNC turning process and to
examine the influencing characteristics while cutting materials, which include surface
roughness and material removal rate. The CNC turning process parameters of feed rate,
depth of cut, spinning speed/rotational speeds, lubrication, and MRR and surface roughness
have already been examined. For the trials, a carbide tip tool was employed as a cutting tool.
Taguchi’s L18 mixture type orthogonal array experimental design was chosen for inquiry,
and optimization is accomplished using Taguchi's technique, as well as analysis of variance
(ANOVA) to determine the relevance of process variables on dependent variables. The
results show both feed rate and spindle speed have a considerable impact on both material
removal rate and surface roughness. The CNC turning study on material removal rates and
surface roughness was conducted for EN 19 steel, and the influence of lubricant, feed rate,
depth of cut, and speed of rotation on the reaction was investigated under L18. ANOVA is
used to examine Taguchi's orthogonal array and the importance of process variables.



1.6 RESEARCH OBJECTIVE

The objectives of this thesis focus on proposing a method of CNC cutting simulation and
turning parameters. The work can be concluded by the following aspects:

e Accurate CNC machining tool and workpiece modelling.

e The actual cutting position of the tool and proper meshing in Ansys R19.2 software.

e Accurate FEA results of the CNC turning process.

e To check different parameters of the material in the process by attempting
simulations and analyses.

e To check the chip formation and continuity in the process.

1.7 THESIS OUTLINE

This thesis is divided into a total of 8 chapters explaining all the study work and the
experimentations involved. Chapter 1 gives a basic idea of the software and the processes
used in this thesis. Chapter 2 focuses on the 3D modelling of the tool and the workpiece for
the analysis. Chapter 3 is a detailed study of the properties of the tool and the workpiece
used in this thesis. Chapter 4 gives us a detailed study about the connections and the type of
meshing employed in this thesis. Chapter 5 tells us about the boundary conditions and the
analysis settings used in the FEA analysis in the thesis. Chapter 6 gives us the details about
performing the experiments involved in this thesis. Chapter 7 shows all the results and the
values calculated in this thesis. Chapter 8 gives the conclusion and the future work which
can be done later related to this thesis.



CHAPTER 2

2 WORKPIECE & TOOL MODELLING

2.1 Geometric Model of Physical Simulation

The turning operation is the most common way of cutting cylindrical workpieces, accounting
for approximately 25% of the metal’s removal process. Turning tools of various shapes are
used to cut various features such as cylinders with shoulders on both the left and right sides,
slots, and end faces. The tools used to cut various workpiece materials have varying
characteristics. The geometric features of an insert turning a workpiece are explored to
forecast cutting force, cutting temperature, and tool life in the given parameter of turning.
The insert is cutting a workpiece in Fig. 2.1(a), the insert is stationary, and the workpiece is
rotating along the lathe axis. It clearly depicts how well the insert-sided cutting-edge contacts
with the workpiece at a certain point in time. A spot on the side sharp end is sampled to
illustrate the geometrical intricacy of this cutting. The tangent of the side cutting edge is
obtained at this location, and the cutting speed direction is normal to the radius line of the
point. Then, in Fig. 2.1, a plane normal to the tangent passes through the cutting and
intersects with the insert and the workpiece, and the sectional view is depicted (b). The rake
face is depicted in this illustration as the inserted upper surface towards the cutting edge.
The rake angle is the angle formed by the rake face and the normal to the cutting speed.

Rake angles can be particularly dependent on the workpiece and insert materials. Inserts with
negative rake angle angles are frequently used in roughing for more cutting power and higher
cutting temperature. inserts with positive rake angles have been used in finishing to reduce
cutting forces and improve surface roughness. The relief or flank face is the insert surface
closest to the machined surface. The clearance angle is defined as the angle formed by a
workpiece line and the flank. If the clearance angle is too narrow, the flank may rub against
the machined surface, resulting in flank wear and poor machined surface quality. When the
clearance is considerable, the cutting edge of the insert is weaker.
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Figure 2.1 A 3-D geometric model of an insert cutting a workpiece in turning.

2.2 Modelling of the Workpiece

The workpiece is the initial product on which the machining is to be done for obtaining a
final product that will be used for the purpose it was intended to. In every machining
operation, the interactions between the cutting tool and the workpiece are crucial. The cutting
process produces forces on both the tool and the workpiece as it passes through the
workpiece. These forces have an impact on the process and, in some situations, can be
damaging to the machine, tool, and final product. To avoid trashed components or tool or
machine breakage, it is essential to understand these relationships beforehand machining a
product.

The modeling of the workpiece is done with the help of Catia V5 software which is a Three-
Dimensional Interactive Application. For modeling, the workpiece part design module of the
software is used. First of all, a circle is made of a diameter of 25.5 mm on the y-z plane and
then the sketcher is closed because our workpiece is a cylindrical workpiece. Now Pad
command is used with the length of 150 mm to make the circle into a cylinder as our
workpiece has a diameter of 25.5mm and a length of 150 mm. The Pad command will
extrude the circle into the z-x plane direction. The 3D model created of the workpiece is
shown in Fig. 2.2.



Figure 2.2 3D model of the Workpiece

2.3 Modelling of the Tool

A turning tool or the turning operation is comprised of a tool which is also called an insert
and a tool holder. Typically, companies do not release 3D solid models of turning tools. To
perform high operation simulation, the turning tool should be simulated with the very same
geometry as the real tool shape. The specifications of the insert and tool holding
characteristics should be acquired in accordance with ISO and corporate requirements for
this purpose. Inserts are divided into three categories: roughing, semi-finishing, and
finishing. They are also divided into two types: external and internal turning.

A turning process consists of a tool, sometimes known as an insert. Modeling of the tool is
done in the Part Design option under the Mechanical design module of the software Catia
V5. The tool will be made in the same file but in a different body than the workpiece,
otherwise, the system will take the workpiece and tool as a single body and it will show
errors in the geometry. First of all, a sketch is made of the tool’s top view in the sketch on
the x-y plane i.e., a triangle is made. After that, the sketcher is closed because the next
command used is a 3D command. The next command used is a 3D command i.e., the pad is
used to make the triangle into a 3D object. After that, all the angles and the slant heights are
to be made by using the Pocket command. There is a hole to be made in between the model
that will be used to hold the tool to the tool holder. A circle is made on the face where the
hole is to be made. Then to make the hole, the pocket command is used and the hole is
created. The 3D model created by the tool is shown in Fig. 2.3.
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Figure 2.3 3D model of the Tool

2.4 Tool and Workpiece Used

An accurate model of the workpiece and the tool is made in the software Catia V5. Both the
tool and the workpiece are made and compared with the real components used in the thesis.
The tool—chip and tool-workpiece interfaces are those contact areas that directly participate
in the cutting process. In this thesis, the cutting process used is Turning to reduce the
diameter of a cylindrical aluminum alloy i.e., AA6082-T6 bar with a Carbide insert tool. The
real Carbide insert tool and the cylindrical aluminum alloy i.e., AA6082-T6 are used for the
specifications and the parameters of the 3D model created in the Catia V5 software. The real
workpiece and the tool used are shown in Fig. 2.4 and Fig. 2.5 respectively.
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Figure 2.4 A Cylindrical AA6082-T6 bar

Figure 2.5 Carbide Insert Tool
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2.5 Saving & Importing the Model for Analysis

The model created is to be saved in a way that the model should be able to be open in Ansys
software. Catia V5 will save the file in the .catpart file extension which will not be able to
open in Ansys R19.2. For the file to be able to be imported and used in Ansys R19.2 the file
should be saved in the .stp or .iso file extension. After saving the file in Catia V5 with this
extension we will exit Catia V5 and head to Ansys R19.2 software. A new file is opened for
analysis in Ansys R19.2 software. In that new file choose the Explicit dynamics module of
the software for the analysis in which we will perform our whole analysis. The screen we
get after opening a new file for the Explicit dynamics module is shown in Fig. 2.6.
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Figure 2.6 Explicit Dynamics Module Screen of Ansys R19.2 Workbench

The file can be named and the data is to be input for the analysis into the system. The
Engineering Data is already ticked in the system but the settings and the data are the default
data of the system. We will see about the data of the workpiece and the tool properties in the
next chapter. Now we will import the geometry we made in Catia V5 into the geometry.
Right-click on the geometry and choose the import geometry option from the different
options available. Then we chose the file of the 3D model we made and saved it into the .stp
extension and the geometry got imported into Ansys R19.2 software. The imported geometry
is shown in Fig. 2.7.
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Figure 2.7 Imported Geometry to Ansys R19.2 software

The imported geometry is showing the workpiece, the tool, the tool holder, and the bot.
There are two options to edit the imported geometry in Ansys R19.2, the Design Modeler
and the Space Claim. Edit the imported geometry with Design Modeler and generate the
model using add material command rather than using add frozen command. Add frozen
command will freeze the model in its place and the analysis cannot be performed. So, we
made sure Add material command is chosen, and then we generate the model. After that, the
model is generated as shown in Fig 2.7.
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CHAPTER 3

3 PROPERTIES OF MATERIALS USED

3.1 General Properties

A workpiece made of AA6082-T6 and a tungsten carbide-tipped tool were employed.
Aluminum is among the most processed materials accessible today, hence AA6082-T6 was
chosen as a workpiece. Aluminum follows steel in terms of consistency of implementation
in machining operations due to its great machinability. Tungsten carbide is used as a tool
because it keeps a sharper cutting edge than steel tools and enables quicker machining. The
following characteristics must be present in a cutting tool: Hot Hardness, tenacity,
Resistance to Wear, Chemical Inertness or Stability, Resistance to Shock, Lack of Friction,
and Reasonable Price. In most cases, hardness is studied at room temperature. However, the
phrase Hot hardness refers to durability at high temperatures. We know that when the
temperature rises, the hardness reduces. Heat is created during the machining operation. At
such a high raised temperature, the tool material has to be able to keep its hardness, wear
resistance, and strength. The material must be robust enough to withstand the shock
pressures that occur during continuous cutting operations without fracturing. It must be
capable of withstanding vibrations caused by machining. The concept of wear refers to
material loss. As the tool proceeds to cut, the cutting edge, which is continually in contact
with the product, and the rake face (across whereby the chip passes) eventually lose material.
As a result, the tool type must be worn-resistant in order to achieve an adequate tool life
before the tool is indexed or removed.

The core material must be chemically stable or neutral to the job material to avoid any
undesired interactions between both the tool material and the workpiece material. The
cutting tool must be resistant to heat and physical shocks, especially in irregular cutting when
the device connects and disconnects at periodic intervals. The material used for the tool
should have a low coefficient of friction. As a result, the heat created is reduced, and tool
life is extended. Tool material costs must be acceptable in a competing industrial setting to
maximize profitability. Diamond tools, for example, are not commonly utilized because of
their expensive price

Even if you're machining cast irons, low-alloy steels, or nickel-based alloys, all of these
substances display 5 basic physical attributes in variable degrees. These qualities are
abrasiveness, hardness, thermal conductivity, adhesion/ductility tendencies, and strain
hardening. The ratios of distinct qualities in a particular workpiece greatly influence its
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machinability. Slightly softer low-alloy steel has significant adhesion tendencies, which can
cause edge accumulation on a cutting tool and diffusion wear. Poor heat conduction of a
strong nickel-base alloy, on the other hand, might create severe cutting temperatures, causing
a tool to distort and fracture. In principle, the stated alloying element mixture of a material
specifies the type of cutting tools and cutting settings that will generate consistent and regular
wear patterns and aid boost production. However, the fact is that cutting tools and settings
specified for a certain workpiece may not achieve the anticipated results, and this is
frequently due to variation in material composition. Seco collaborated with steel suppliers
and other metalworking-related organizations to build an analytical system that evaluates
workpiece parameters to better understand how the five variables impact machinability. Data
from quantitative measurements of the five material attributes are shown in Fig. 3.1 on a
five-pointed grid or pentagram, with smaller returns in the center and high values towards
the edges. The region encircled by the data points is a graphical representation of the
substance's trends. Machinists may best match tool characteristics and cutting settings to the
real attributes of the workpiece by using the pentagram.

Machinability Analysis System

Quantitative Measurements of Five Material Properties

1. Adhesiveness, represented by the
elongation at the break

5. Abrasiveness,
represented by the
carbon content C% or
by analysis of
hardness distribution

2. Strain Hardening Factor,
use Dn to analyse

l)'[ e (’, A > (l'.
{,y o, ~~
Oyrs Ultimate tensile strength
o, Yield strength of the material
O Yield strength of the
reference matéria

4. Hardness 3. Thermal Conductivity

Figure 3.1 Quantitative Measurements of Five Material Properties

3.2 Properties of the Workpiece Used

The Workpiece Chosen for this thesis is an alloy of aluminum, as aluminum is the second
material used in place of steel which is also efficient and also good in terms of frequency of
execution. The Aluminum alloy used in this thesis is AA6082-T6. Aluminum alloy 6082 is
a moderate alloy with excellent adhesion. It is also the most powerful of the 6,000 different
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alloys. Alloy 6082 is also designated as a structural alloy. 6082 is perhaps the most
commonly utilized alloy for machining in plate form. Although 6082 is a comparatively
recent alloy, its increased strength has seen it supplant 6061 in numerous applications. A
considerable quantity of manganese is added to regulate the grain structure, resulting in a
stronger alloy. Alloy 6082 is difficult to make thin-walled, complex extrusion forms. The
projected surface texture is not as fine as that of other 6000 series alloys of comparable
quality. The properties of the workpiece are to be fed to the system in the Engineering data
module of the Ansys R19.2 software. The data entered in the Engineering data module of
Ansys R19.2 software is shown in Figure 3.2.

A B (5 D |E

1 Property Value Unit (X!
2 %4 Material Field Variables 5 Table

3 %4 Density 2.71 gm”-3 OO
4 % SpecificHeat, C; 300 Jkg-1CA-1 I [W] &
5 T8 shear Modulus 2.69E+10 Pa B |E
6 =) E Shock EQOS Linear L
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10 Parameter Quadratic 52 0 sm”-1 _ﬂ (]
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14 Damage Constant D3 -2.798 [l
15 Damage Constant D4 0.007 [
16 Damage Constant D5 3.65 [l
17 Melting Temperature 555 C LI [
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Figure 3.2 Properties view in Engineering Data module of Ansys R19.2

3.2.1 Chemical Composition of the Workpiece

It is one of the most widely used alloys in its class. It is normally manufactured by extrusion
and rolling, but it is not utilized in casting as a wrought alloy. It may also be forged and clad,
however, this is not typical with this alloy. It cannot be work hardened, although it is
frequently heat-treated to generate tempers with greater strength but less ductility. This
aluminum alloy AA 6082-T6 is a composition of different chemical mixtures and substances
like aluminum, silicon, iron, etc. All the mixtures present in the alloy are in some
composition percentage. The most percentage substance is aluminum and that is why it is
called an aluminum alloy. The chemical composition that is present in the alloy is given in
table 3.1. The composition is presented based on the weight percentage available in the
aluminum alloy.
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Table 3.1 Chemical Composition(wt.%) of AA6082-T6

Al Si Fe | Cu Mn Mg Cr Zn Ti | Others

95.2-983|0.7-1.3| 05| 0.1 | 04-01 |06-0.1| 025 | 0.2 | 0.1 | 0.15

3.2.2 Mechanical Properties of the Workpiece

This document's material is a cylindrical AA6082-T6 bar with a length of 150mm. AA6082-
T6 is an aluminum alloy with strong corrosion resistance that is primarily used for
machining. It has more strength than other alloys and, as a result, is replacing other aluminum
alloys in the industry. The mechanical properties used for this thesis are density, Specific
Heat, Shear Modulus, etc. These properties are then tested and verified properties of Al
6082-T6 and are used here for the analysis in the Ansys Software. The standard units used
in this thesis for mechanical properties are Sl units. The mechanical properties of the
workpiece are given in table 3.2 with the units which are used.

Table 3.2 Mechanical Properties of the Workpiece

Property Value (Unit)
Density 2710 (kg/m®)
Specific Heat 0.9 (J/gK)
Shear Modulus 2.69e™° (Pa)
Melting Temperature 555(°C)
Reference Strain Rate 1 (/s)

3.2.3 Failure Model of the Workpiece

The Johnson-Cook failure model is utilized for the failure concept, with a linear connection
between the shock velocity and the particle velocity. Because of its simplicity of
construction, ease of validation, and several material characteristics offered by Johnson and
Holmaquist [1989], the Johnson-Cook fracture model is extensively used. Johnson and Cook
[1985], on the other hand, only calculated the positive range of stress triaxiality based on
certain tensile and shear tests, and no tiny or minus values of stress triaxiality are stated.
Perhaps one function is incapable of expressing two distinct fracture processes when stress
triaxiality changes from negative to favorable: shear decohesion and void development. It is
demonstrated that aluminum ductility is not a monotonic function of stress. Researchers
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expanded the Johnson-Cook fracture model in various ways to properly use it. Liu et al.
[2014] demonstrated that the Johnson-Cook fracture model may be applied in machining
operations simulation as a fracture point paired with damage development.

An additional failure property is given to the model and it is the Shock EOS in a linear
manner in which two parameters and a Gruneisen coefficient are used. The Gruneisen
parameter, established after Eduard Gruneisen, defines the influence of altering the volume
of a crystalline structure on its vibrational characteristics, as well as the impact of
temperature changes on the size or dynamics of the crystalline structure.

Table 3.3 Failure Properties of the Workpiece

Johnson Cook Failure

D1 0.0164

D2 2.245

D3 -2.798

D4 0.007

D5 3.65
Shock EOS (Linear)

Gruneisen Coefficient 2.1
Parameter C1 5380 (m/s)
Parameter S1 1.337

3.3 Properties of the Tool Used

Cemented carbide is a tough substance that is widely utilized in cutting tool materials and
other engineering products. It is made up of tiny carbide particles that are glued together in
a compound by a binder metal. The aggregate in cemented carbides is often tungsten carbide
(WC), titanium carbide (TiC), or tantalum carbide (TaC). In industrial applications, the terms
"carbide™ or "tungsten carbide™ commonly apply to these cemented compounds. Carbide
cutters, like most cases, leave a superior surface quality on the item and allows for quicker
machining over high-speed steel or other alloy steel. Carbide tools are more resistant to heat
at the cutter-workpiece contact than ordinary high-strength steel tools. Carbide is typically
ideal for cutting difficult materials like carbon steel or stainless steel, as well as in instances
in which other cutting tools would wear out faster, such as high-volume manufacturing runs.
The properties of the tool are to be fed to the system in the Engineering data module of the
Ansys R19.2 software. The data entered in the Engineering data module of Ansys R19.2
software is shown in Figure 3.3.
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Figure 3.3 Properties view in Engineering Data module of Ansys R19.2

Cemented carbides are matrix alloy composites composed of carbides as the aggregates and
a metallic adhesive as the matrix. The architecture of a carbide cutter is thus theoretically
identical to that of a grinding wheel, with the exception that the abrasives are much small;
macroscopically, the material of a carbide cutter seems homogenous. It binds tungsten and
carbon to produce an exceptionally compact crystal structure known as hexagonal crystal,
with Young's modulus nearly twice that of steel. Table 3.4 lists the mechanical qualities of
the tool. Some of the characteristics in the table are obtained from other values, such as shear
modulus and bulk modulus, which are derived from young's modulus and poison's ratio,
respectively.

Table 3.4 Mechanical Properties of the Tool

Property Value (Unit)
Density 20 (kg/m®)
Young’s Modulus 6e!! (Pa)
Poisson’s Ratio 0.2

Bulk Modulus 3.33¢e!! (Pa)
Shear Modulus 2.5e!! (Pa)
Specific Heat 1.84e” (J/gK)
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CHAPTER 4

4 CONNECTIONS AND MESHING

4.1 Coordinate System

A coordinate system in geometries is a system that involves one or more integers, or
parameters, to define the point's position or other components of the geometry on a manifold,
which is also known as Euclidean space. The ordering of the parameters matters, and they
are sometimes identified by their position in an ordered tuple, and sometimes by a letter, as
in "the x-coordinate.” In mathematical concepts, the parameters are assumed to be actual
figures, but they can also be complex numbers or members of a more abstract representation,
such as a commutative ring. The use of a coordinate system allows geometry issues to be
transformed into numerical problems and vice versa and this is the foundation of
computational geometry.

In this Thesis there are two different types of coordinate systems employed, one is a global
coordinate system used for the whole system and the other one is a cylindrical coordinate
system used for the workpiece. The detailed study of the coordinate system used in this thesis
is done below in sections 4.1.1 and 4.1.2 respectively.

4.1.1 Global Coordinate System

A Global Coordinate System is a coordinate system that is used to locate the whole system
or a single body in the system. They are used to specify the spatial coordinates of nodes and
key points. They may be used to detect and identify physical model and simulation model
items depending on their spatial locations. The global coordinate system determines a
component's location and translation in space. Local coordinate systems specify how
branches and body parts interact with respect to joints. Global Coordinate system is used in
this thesis to locate the whole system in the coordinate, especially the tool as workpiece has
its own coordinate system, in which it rotates. The tool propagates towards the workpiece in
the system based on the global coordinate system. The global Coordinate system is defined
by the X, Y, and Z-axis as shown in Fig. 4.1.
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Figure 4.1 Global Coordinate System

The red-colored axis shown in the above Fig. 4.1 is the x-axis, green is depicting the y axis and the
blue color is depicting the z-axis of the global coordinate system. The point where all three axes are
intersecting is called the origin point of the system.

4.1.2 Cylindrical Coordinate System

A Cylindrical Coordinate System is a coordinate system that is used to locate the cylindrical
body in the system. They are used to specify the spatial coordinates of nodes and key points
of a cylindrical body available in the system. They may be used to detect and identify
physical model and simulation model items depending on their spatial locations. The
cylindrical coordinate system determines a cylindrical component's location and translation
in space. In a cylindrical coordinate system, the R, Y, and Z axes are represented by X, Y,
and Z. Non-zero Y deformations are understood as translational displaced quantities, Y = R
when employing a cylindrical coordinate system. Because they are represented as straight
deformations, it is only an acceptable estimate for small levels of rotational movement.
Figure 4.2 shows a cylindrical coordinate system established by the X, Y, and Z axes used
in this thesis and the analysis system.
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Figure 4.2 Cylindrical Coordinate System

The red-colored axis shown in the above Fig. is the x-axis, green is depicting the y axis and the
blue color is depicting the z-axis of the cylindrical coordinate system. The point where all three
axes are intersecting is called the origin point of the cylindrical body. It is hard to understand the
position of the axis shown in Fig. 4.2 because two coordinate systems are acting on the same body,
the one in the global coordinate system acting on all bodies i.e., the whole system, and the other
one is the cylindrical coordinate acting on the single cylindrical workpiece body. For a better
understanding of the cylindrical coordinate system, the axis should be placed properly. Fig. 4.3
gives a better understanding of the cylindrical coordinate system.

Figure 4.3 Cylindrical coordinate system with respect to angle
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4.2 Connections

Ansys R19.2 Explicit Dynamics module offers a variety of connection options like
Connected by contact, Connected by joint, and Connections for beams. In this thesis, the
type of connection used is connected by contact as the tool and workpiece are contacting
each other and after this connection, the cutting action occurs. Every connection provides
unique choices for accurately representing the passage of forces/moments between bolts and
assemblies. The depiction of the bolt influences the decision of connection type, and
likewise. The contacts used in the thesis are further explained in the next section.

4.2.1 Contacts

The contacts are given to the system by selecting the faces of the tool and the workpiece as
the contact body and as the target body. Contact issues are extremely complex and need a
substantial amount of computational ability to solve. It is vital to comprehend the physics of
the problem and spend the effort necessary to configure your model to operate as efficiently
as possible. You must detect potential points of contact during the deformation of your
model. Once prospective contact surfaces have been discovered, they are defined using
target and contact elements, which then follow the kinematics of the deformation process. A
contact pair's target and contact components are linked together via common real support
data. The type of contact used in the thesis is the Frictional contact between the tool and the
workpiece. Scope option of the setting of contact shows the faces of everybody that is
selected for the contact of the tool and the workpiece. The scope option is shown in Fig. 4.4.

=l Scope
‘Scoﬂping Method Geometry Selection
-CAo'nfact W 3AF5ces - -
-Targ-e"t 3 Faces

Contact Bodies
Target Bodies
Protected No

Figure 4.4 Scoping Method of Contact

In Fig. 4.4 it is shown that the contact body is the tool and the faces selected for the contact
body are 4 faces. The additional critical capability is the ability to modify the attributes of
the contact pairs as needed. As previously explained, the attributes comprise actual
constant values and key option values. The Contact Properties button in the contact
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manager provides a simple interface for reviewing and modifying the attributes of the
chosen contact pairs also. The contact zone can be random; however, for the most
economical solution (mainly in terms of CPU time), you may wish to design smaller,
localized contacting areas; nonetheless, make sure your areas are sufficient to record every
essential interaction. Even though the element real constant values do not vary, distinct
contact pairings should be specified by a separate real constant set. There is no limit to the
number of surfaces that can be used. The contact body i.e., the tool with the selected faces
Is shown in Fig. 4.5.

Contact Body View a

Figure 4.5 Contact Body

In Fig. 4.4 it is also shown that the target body is the workpiece as the workpiece is cutting
in the analysis and the faces selected for the contact body are 3 faces that are coming in
contact with the tool in the initial state when the turning process starts. Contact elements
are prevented from entering the target surface. Target elements, on the other hand, can pass
through the contact surface. The designation for rigid-to-flexible contact is self-evident: the
target surface is always the rigid surface, and the contact surface is always the deformable
surface. The decision of whether the surface is labeled contact or target for flexible-to-
flexible contact might result in a varying degree of penetration and hence influence
solution accuracy. On the very same target surface, you cannot mix rigid and deformable
target elements. Ansys assigns a deformable state to target elements that have underneath
components and a rigid status to target components that do not have underneath
components during the solution. An issue in the solution will arise if a section of the
underlying components of a deformable surface is eliminated. The target body i.e., the
workpiece with the selected faces is shown in Fig. 4.6.
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Target Body View o

Figure 4.6 Target Body

4.2.2 Body Interaction

Underneath connections, the body interaction box is used to define global connection
parameters for explicit dynamics. At the beginning of the trials, nodes that penetrate some
other component will be disregarded for contact and should be avoided. Each body
interaction object initiates a body interaction for the entities that are scoped in the system.
There are four types of body interactions bonded, no separation, frictionless, rough, and
frictional.

The type of body interaction used in this thesis is frictional with a friction constant value of
0.4 and a dynamic constant value of 0.1. The decay constant is not used for this analysis and
left default as zero because no decaying is happening in the system as the analysis is running
for a very small-time step. All encounters that occur at the very same moment are recognized
first. The program's reaction is then computed to save energy and momentum. Forces are
computed throughout this procedure to guarantee that the final location of nodes and faces
doesn't result in additional infiltration at that point time. In a particular cycle, the
decomposition response algorithm is more impulsive than the punishment technique. In
some cases, this might result in enormous hourglass energies and energy mistakes. The body
interaction folder from the Ansys explicit dynamics module is shown in Fig. 4.7.
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Details of "Body Interaction” 1

=l Scope
Scoping Method bGeometryVSelection
Geometry All Bodies

= Definition |
Tybe Frictional

Friction Coefficient | 0.4
Dynamic Coefficient | 0.1
Decay Constant 0.

Suppressed No

Figure 4.7 Body Interaction

4.3 Meshing

Mesh generation, also known as two-dimensional and three-dimensional grid generation, is
the process of splitting complicated shapes into pieces that may be used to discretize an area.
Meshing is the act of breaking down an item's continuous geometrical area into thousands
or more forms to adequately define the physical shape of the subject. This procedure often
takes up a large amount of the time spent obtaining simulated results. When it comes to
numerical simulations, meshing plays a vital role. Among the most important elements to
consider when ensuring simulation accuracy is the creation of a high-quality model. The
cornerstone of engineering simulation is the creation of the most suitable mesh because the
mesh determines the simulation's accuracy, resolution, and performance. Machines cannot
perform simulations on the real geometric shape of the CAD system because the system of
equations cannot be implemented to irregular shapes.

All 3-dimensional meshing techniques need geometry to be made up of solid entities. If an
imported geometry comprises surface entities, further procedures must be taken to transform
it into a 3-dimensional solid before generating a three-dimensional model in the ANSYS
Meshing Application. Although surface bodies can also mesh with the surface meshing
algorithms available for surface meshing. Surface meshing is not employed in this thesis as
there is no need for surface meshing on solid bodies. The meshing of the workpiece and the
tool is shown in Fig. 4.8 and Fig. 4.9 respectively.
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Figure 4.8 Meshing of the Workpiece

The size of the mesh used is 0.5 for the meshing of the workpiece because the workpiece is
deforming in the turning process. The cutting operation is taking place on the workpiece so the
workpiece meshing should be fine and small related to the tool. The meshing size of the tool is
taken as the default value of the Ansys explicit module. This is the reason that the meshing of the
tool and tool holder is more visible than the workpiece.
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Figure 4.9 Meshing of the Tool & the Tool Holder
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4.3.1 Size of Mesh

Mesh size affects both numerical precision and computing time. Sizing options give us more
control over some properties which are mesh expansion from tiny to big sizes depending on
a preset rate of growth, Sophistication based on curves and angles among normal
neighboring mesh elements, and the number of mesh pieces used to bridge the gap among
different geometric entities. Element Size, Growth Rate, Max Size, and Curvature Min Size
/ Proximity Min Size are all sizing controls. Curvature Min Size/Proximity Min Size and
Max Size requirements describe the global upper and lower limits permitted element size,
accordingly. The Element Size specification specifies the global maximum permissible
length of the elements generated by the available techniques. When the Physics Preference
Is set to Explicit dynamics, Adaptive Resolution is set to Program Controlled means the
default value is 4. The default value for all other Physics Preferences is 2. Mesh size is one
of the most typical FEA issues.

There is a delicate difficulty in mesh sizing that a larger item provides a poor result, while
smaller elements cause the computation to take so long that the results are not obtained at
all. You never truly know what exactly your element size is on this scale. The Growth Rate
reflects an increase in element edge length with each level of elements added to the edge or
face. A growth rate of 1.2, for example, leads to a 20% increase in element edge length with
each subsequent level of elements. Adaptive Sizing is used with the mesh defeaturing
property of the mesh sizing. The span angle center should be fine for the mesh to be fine and
for the solution to be more accurate. After mesh sizing is done, we get three values and those
are Bounding Box diagonal, Average Surface area, and Minimum Edge length. The mesh
sizing used in the thesis is shown in Fig. 4.10.

=l Sizing
Use Adaptive Sizi...| Yes
Resolution Default (4}

Mesh Defeaturing | Yes
Defeature Size | Default

Transition Slow

Span Angle Center Fine

Initial Size Seed Assembly

Bounding Box Di... 187.17 mm

Average Surface ... | 1390.6 mm?

Minimum Edge L... | 10.0 mm

Figure 4.10 Mesh Sizing
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4.3.2 Quality of the Mesh

Mesh Quality is the property of the mesh which allows a numerical Partial Differential
Equation simulation to be done with faithfulness to the physical mechanisms, precision, and
efficiency. Mesh-based applications require precision and efficiency. Many factors influence
accuracy and efficiency, including the governing equations, the solution, the method of
discretization, linear solvers and preconditions, and mesh quality. Interpolation Error
Bounds are used to address accuracy. The traditional emphasis in FEM is on the asymptotic
behavior of the limits, but they may also be studied in terms of mesh quality.

The mesh attributes that occur in the warning statements frequently need not correlate to
every typical mesh quality measurement. Mesh Quality too is important in the development
of basic meshes that will be customized to the answer further on. Parametric mesh quality
may be measured using a variety of measurements, metrics, and functions. In industry, it is
widely utilized. The integrity of a global mesh may be assessed using norms or p-means of
local quality indicators. When it comes to computational models, the outcomes are only as
great as the mesh - that is, a "bad" mesh would provide "bad" or erroneous results. That's
why it is very important to check that the mesh is of good quality or good enough to produce
accurate and trustworthy results. We can use skewness to measure mesh quality, but the ideal
way is to check the resultant error and assess if the amount is appropriate for the given
situation and required precision. The majority of ANSY'S mistake estimations are produced
by analyzing alternative techniques of result dispersion within the components. For the mesh
metric of the system aspect ratio of the mesh is used. The quality of the mesh in numerical
results is shown in Fig. 4.11.

= Quality
Check Mesh Qua...| Yes, Errors
Target Quality | Default (0.050000)

'Smoothing High

Mesh Metric Aspect Ratio
Min 1 1.0366
Max 9.9832
Average 1.6589

Standard Devi.... 0.47771

Figure 4.11 Quality of the Mesh
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4.3.3 Statistics of Mesh

Rather than only conducting a visual check, the quality of a mesh may be judged most
efficiently by focusing on various statistics, such as maximum skewness. Unstructured grids,
in contrast to structured grids, are virtually difficult to comprehend with merely a graphical
layout. Ansys may provide the lowest, maximum, and average values of cell size, skewness,
aspect ratio, or change in size, warp, squish, edge ratio, and the overall number of every data
element. Statistics of the mesh show the quality of the mesh with respect to the number of
nodes and elements. In this mesh, we have the number of nodes as 1227869 and the number
of elements as 1271803. The statistics table of the Ansys explicit dynamic module is shown
in Fig. 4.12.

|| Statistics
Nodes 1283037
Elements 1274468

Figure 4.12 Statistics of the Mesh
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CHAPTER S

5 BOUNDARY CONDITIONS & ANALYSIS SETTINGS

5.1 Boundary Conditions

A boundary condition tells us about a mathematical function's behavior on the border or the
boundary up to its defined region. Boundary conditions are limitations that must be met to
solve a finite volume issue. A boundary value problem is a differential equation PDE (or
system of a partial differential equation) that must be resolved in a domain with a specific
set of parameters on its border. It differs from the "starting problem based,” in which only
one end of the interval's criteria is known. Boundary value issues are particularly significant
because they simulate a wide range of processes and functions, including solid mechanics,
heat transport, fluid mechanics, and acoustic diffusion. They naturally emerge in any issue
based on a differential equation that must be resolved in space, whereas initial value
problems are often problems that must be addressed in time. Jacques Charles Frangois Sturm
(1803-1855) and Joseph Liouville (1809-1882) explored the eigenvalues and the
eigenvectors of a 2nd order differential equation for only linear problems and researched
boundary condition issues extensively. They investigated the requirements that ensure the
existence and uniqueness of the differential problem solution, as well as how boundary
conditions impact it. The Sturm-Liouville theory is critical for every computing issue since
it helps us to learn if an issue is "well-posed™ as well as how to acquire a solution. Boundary
condition difficulties exist in many disciplines of physics, as they do in any physical
differential equation. Problems involving the wave function, such as determining normal
waves, are sometimes referred to as boundary condition problems. The Sturm-—Liouville
issues are a wide family of critical boundary condition problems. The eigen functions of a
differential operator are used to analyze these situations. To be resolved, both ordinary
differential equations and partial differential equations require boundary conditions. A wide
variety of border constraints could be applied to the domain's boundary. The selection of the
boundary condition is critical for the settlement of the mathematical problem: a poor
imposition of the boundary condition may result in solution divergence or convergence to
an incorrect result.

Boundary conditions are both realistically necessary for identifying the issue and are of
major relevance in computational fluid dynamics. This is because the application of
numerical techniques and the resulting quality of calculations are highly dependent on how
they are quantitatively addressed. Nowadays, the requirement for computational analysis of
systems with shifting boundaries has grown and become even more complex. From such
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foundations, particle process simulation, one of which is high flexibility in modeling
boundaries involving violent motion, has gained increasing attention as a new potential
computing platform in a variety of sectors of science and technology. Moving boundary
issues include flow caused by moving bodies, constant flow, flow including air pockets, flow
following phase transformation, and fluid-structure contact. When working with such
moving or deformed borders, classic mesh techniques such as the finite difference method,
finite element method, and finite volume approach often have difficulty computing the
geometric shape of the boundary appropriately. Boundary conditions, which take the shape
of differential algorithms, impose a set of extra restrictions on the issue along defined
borders. Boundary conditions are used in both ordinary differential equations and partial
differential equations. There are five types of boundary conditions and those are Dirichlet,
Neumann, Robin, Mixed, and Cauchy. Out of these five boundary conditions, two are the
most common and those are Dirichlet and Neumann. We will address in this thesis only the
linear boundary conditions for the issues of explicit dynamics used for the analysis, which
indicate a linear relationship between the function and its partial derivatives. We cannot
usually describe the gradients at the border since it is too restricted to enable results. We may
and frequently must indicate the component normal to the boundary in physical situations.

5.1.1 Initial Conditions

Ordinary differential equation results are rarely distinct (integration constants appear in
many places). Of course, this is also an issue partial differential equation. Governing partial
differential equations are often described by a set of the border or initial conditions. An initial
condition is similar to a boundary condition, except it is applied in the time direction. Not
that all boundary conditions have results, but science typically dictates what makes perfect
sense. The essential distinction between both the arbitrary nature of integrating constants in
Ordinary differential equations and Partial Differential Equations is that they are constants,
Partial Differential Equations solutions contain arbitrary functions. For the initial condition
in explicit analysis, a pre-stress initial condition is taken sometimes but for the analysis in
this thesis, no initial condition is taken as there is no pre-stress in acting on the tool or the
workpiece.

5.1.2 Displacement to the Workpiece

The workpiece will be rotating in its axis for the cutting process to be performed on it. A
displacement is given to the workpiece to rotate the workpiece at its axis as it would be
rotating with the chuck in the real process on the same axis. For this rotation of the
workpiece, we made a cylindrical coordinate system. So, this cylindrical coordinate system
will be selected for the rotation of the workpiece. For the displacement to work on the
workpiece it is important to select the faces one by one instead of selecting the whole body
at a time. There are three faces selected for the displacement setting to work on the
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workpiece. The end time used for the analysis is 0.0001 s as the process will take a very
small time to finish. If we take a large end time, we will miss the calculated solution in
between the time step. The rotation of the workpiece is employed on the y-axis of the
cylindrical coordinate system. At the end time, the degree of rotation chosen for the analysis
is 100°. A representation of the boundary condition i.e., displacement employed on the
workpiece is shown in Fig. 5.1.
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Figure 5.1 Displacement employed on Workpiece

There are two options available to select the details of the displacement i.e., scope and
definition. Scope provides details about the selection of the geometry and the faces chosen
for the displacement employed in the turning process. The definition provides the details and
the options available for the employment of the displacement to a body and in this case the
workpiece. The type of displacement is defined by the components of the axes. The
coordinate used for the workpiece is a cylindrical coordinate system. The details of the
displacement employed on the workpiece are shown in Fig. 5.2.

The only data remaining about the displacement is the details about the axes where the
displacement is taking place. This data is shown in two places, one is in the details with the
components and the second one is in the tabular form. In the tabular form, the displacement
on the y-axis is shown concerning the time step taken or the end time taken. The table also
shows all the data, if multiple displacement point is used in the system. For this thesis, there
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is only one displacement point is used. The coordinate system shows the data of the axes
available to the system in a tabular form which is shown in Fig. 5.3.

Details of "Displacement 2" a
’"){Scope
Sggﬁ@idgt@di \Geometry ry Selection |
‘ Geometry } 3 Faces \
= Deﬁmtlon 1
ﬁ'y;;eﬁ Displacement
r‘[.)-eji;ine By t(fomponents

Coordmate System 5 Cylmdncal Coordinate System

XComponent O mm (step applled]

ZComponent 0. mm (step applled]
t

|

l

B onent. |
- YComponent 100, ° (ramped] }
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\
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Figure 5.2 Details of Displacement employed on the Workpiece

Tabular Data

| Steps | Time [s] |7 X [mm] 17 Y [°] F/— Z[mm]
111 0. 0. 0. 0.

211 1.e-005 =0. 100. = 0.

Figure 5.3 Tabular data of the Displacement of the Workpiece

5.1.3 Displacement to the Tool

The tool will be penetrating the workpiece and will be moving in a linear manner for the
cutting process to be performed on the workpiece. A linear displacement is given to the tool
to move linearly towards the workpiece on its linear axis. For this linear movement of the
tool, an axis of the global coordinate system is used. So, a single axis from the global
coordinate system is selected for the linear displacement of the tool. For the displacement to
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work on the tool, it is important to select the faces one by one instead of selecting the whole
body at a time. There are four faces selected for the displacement setting to work on the tool.
The end time used for the analysis is 0.00001 s as the process will take a very small time to
finish. If we take a large end time, we will miss the calculated solution in between the time
step. The linear displacement of the tool is employed on the x-axis of the global coordinate
system. At the end time, the linear motion chosen for the analysis is -50 as the tool is going
to penetrate the workpiece in that direction. A representation of the boundary condition i.e.,
displacement employed on the tool is shown in Fig. 5.4.
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Figure 5.4 Displacement employed on Tool

There are two options available to select the details of the displacement i.e., scope and
definition. Scope provides details about the selection of the geometry and the faces chosen
for the displacement employed in the turning process. The definition provides the details and
the options available for the employment of the displacement to a body, in this case, the tool.
The type of displacement is defined by the components of the axes. The coordinate used for
the tool is a global coordinate system. The details of the displacement employed on the tool
are shown in Fig. 5.5.

The only data remaining about the displacement is the details about the axes where the
displacement is taking place. This data is shown in two places, one is in the details with the
components and the second one is in the tabular form. In the tabular form, the displacement
on the x-axis is shown concerning the time step taken or the end time taken. The table also
shows all the data, if multiple displacement point is used in the system. For this thesis, there
is only one displacement point is used. The coordinate system shows the data of the axes
available to the system in a tabular form which is shown in Fig. 5.6.
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Figure 5.5 Details of Displacement employed on the Tool and the Tool Holder

Tabular Data

__| Steps | Time [s] [7 X [mm] _P—Y[mm] |7 Z[mm] |
11 0. 0. 0. 0. f
2|1 1.e-005 | -5. 0. 0.

Figure 5.6 Tabular data of the Displacement of the Tool and the Workpiece

5.2 Analysis Settings

Analysis settings are the settings related to the analysis. These settings control the options
settings, time, and other things in an analysis. There are some options available for setting
up analysis settings like step controls, solver controls, damping controls, erosion controls,
etc. Analysis Setting is the most important part of an analysis and it influences the analysis
to its origin the most. So, it is important to choose the correct values for the analysis setting
options.

The following sections in this chapter describe all the available properties and settings for
the Analysis Settings folder available in an Explicit Dynamics analysis. In addition to
detailing each parameter, it is stated if the setting is accessible for 2D studies and whether it
is available when the program is restarted and it also applies to 2D and 3D both analyses.
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5.2.1 Step Controls

The analysis's completion duration is the needed parameter for step control. This should be
set to your best estimate of the time necessary to solve the problem being modeled. Usually,
you should let the solver choose its time step size depending on the model's lowest CFL
(Courant—Friedrichs—Lewy) condition. The solution's effectiveness can be boosted by using
mass scaling methods. Use this tool carefully; excessive mass scaling might lead to a non-
physical outcome. At any moment in time, an Explicit Dynamics approach can be begun,
halted, and restarted. For instance, an established system that has achieved its End Time may
be prolonged to keep reviewing the advancement of the physical processes represented. The
Continue from Cycle option allows you to choose which Restart file you want to use to
restart the study. Explicit dynamics studies are always completed in a single step. The step
control options are shown in Fig. 5.7.

[=!| Step Controls

Nﬁmber Of §teps - 1
Current Step Number 11

End Time 1.e-005
Resume From Cycle 0
Maxirﬁum Numbrer o'f”CycIes 1e-0757
Maximum Energy Error i 0.1
Reference Energy Cycle AO

Initial Time Step
Minimum Time Step
Maximum Time Step

Program Con...

'Program Con...
' Program Con...

Time Step Safety Fador 0.9
Characteristic Dimension Diagonals
'Automa’-ti_c Mass S”ca'ling Yes
Minimum CFL Time Step 7 1.e-020 s
Maximum Element Scaling ' 100.
Maximum Part Scalih'g' 5.e-002
AUAp“date_ Frequency 0

Figure 5.7 Step Control Options
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5.2.2 Solver Controls

We use these advanced options to modify a variety of solver characteristics, including
element formulations and solution velocity limitations. The default settings are useful for a
variety of purposes. Only the Explicit Dynamics system may configure density update,
minimum velocity, shell inertia update, maximum velocity, the shell thickness update, and
radius cutoff settings is an advantage of using solver controls. During the solution, all model
variables will be translated to this set of units. In the GUI, the results Solve Units from the
analysis will be translated back to the client values standard. This value is always mm, mg,
ms for Explicit Dynamics systems. The solver control options are shown in Fig. 5.8.

= 'Solver Controls
‘Solve Units :mm, mg, ms ]
| Beam Solution Type BendingA
Beam "I'i'meistep S'Aaf'ety Factor OS |
MHex Ihtegratidn Tybe “E’xacti
' Shell Sublayers IE
' Shell Shear Correction Factor :0.8333
Shell BWC Warp Correction Yes
VSh?eiI“ThliAckness 7Updfate 1 Nodal
Tet Integration ':Average Nod...”?
Shell Inertia Update Recompute |
Den&itj} 'U'pdatfe | Program Con..;;
| Minimum i/‘eibciAt‘y 11.e-003 mm s
'Maximum Velocity 1.e<013 mm...|
'Radius Cutoff 1.e-003 |
Minimum Strain Rate Cutoff 1.e-010

Figure 5.8 Solver Control Options

5.2.3 Euler Domain Controls

The Euler Domain is defined by three sets of attributes: the length of the entire domain
(Domain Length Description), the number of computational cells in the domain (Domain
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Resolution Description), and the kind of boundary constraints to be imposed on the domain's
borders. The domain size is defined automatically (Domain Size Definition = Program
Controlled) or manually (Domain Size Definition = Manual). The size is set by a 3D start
location and the domain's X, Y, and Z parameters for both the automated and manual modes.
If a body is defined as Eulerian which means the body is defined as a virtual body, the Euler
domain frame is shown in the graphical frame when Analysis Settings is chosen in the outline
view. The Display Euler Domain setting in the Analysis Settings may be used to regulate its
appearance. The Euler domain control options are shown in Fig. 5.9.

= Euler Domain Controls
Domain Size Definition VProgram Con...
Display Euler Domain [ Yes |
S'cop'e - -A'll Bodies
X Scale factor 1.2
Y Scale factor 1.2
Z Scale factor 11.2
Domain Resolution Definition Total Cells
Total Cells 2.5e+05
Lower X Face Flow Out
Lower Y Face | Flow Out
Lower Z Face Flow Out
Upper X Face Flbw Out
Upper Y Face 'Flow Out
Upper Z Face | Flow Out
EulerVTrrackirng By Body

Figure 5.9 Euler Domain Control Options

5.2.4 Damping Controls

Damping is employed in decreased integration components to regulate vibrations following
seismic waves and to decrease hourglass modes. These settings enable users to change the
dampening and simulation levels utilized in the study. After a dynamic event, elastic waves
in the system can be dynamically dampened to create a quasi-static response. For the
Flanagan Belytschko option, just one of the Viscous Coefficient or Stiffness Coefficient is
utilized for Hourglass Damping. when doing an Explicit Dynamics analysis using the Is-
Dyna solver, Is-dyna does not allow for multiple coefficients to be supplied in the hourglass.
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Thus, a non-zero coefficient defines whether the damping form is "Flanagan-Belytschko
viscous" or "Flanagan-Belytschko stiffness." If both are non-zero, the Stiffness Coefficient
is applied. The damping control options are shown in Fig. 5.10.

= Damping Controls

Linear Artificial Viscosity 0.2

Quadratic Artificial Viscosity 1,

Linear Viscosity in Expénsidn No

Artificial Viscosity For Shells Yes

Hourglass Damping | AUTODYN Sta...
Viscous Coefficient 0.1

Static Damping 0.

Figure 5.10 Damping Control Options

5.2.5 Erosion Controls

Erosion is often used in situations like cutting and impact penetration to immediately
eliminate excessively deformed pieces from an assessment. Erosion is a numerical method
used in an Explicit Dynamics analysis to assist preserve huge time steps and hence achieve
solutions at acceptable time scales. There are several ways to start erosion. The default
settings will degrade components that have geometric stresses of more than 150 percent.

When modeling hyper elastic materials, the default value should be raised. If a material
breakdown characteristic is established in the material used throughout the components and
the failure condition is met, the elements will automatically erode. Components with
materials that include a damage model will indeed erode if the damage reaches a certain
value of 1.0. The erosion control options are shown in Fig. 5.11.
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Erosnon Controls

On Geometrlc Stram lelt "—Yes
Geometric Strain Limit 10.258
On Materlal Fallure Yes

On Mlmmum Element Tlme Step No
Retam lnertla of Eroded Matenal Yes

Figure 5.11 Erosion Control Options

5.2.6 Output Controls

Files that contain nodal and element data for contouring and probing outcomes such as
deformation, velocity, stress, and strain. Due to the infrequency with which results in files
are saved, probe results will offer a filtered temporal history of the results obtained. Restart
files, which may be used to continue analysis, should be saved less often than results
documents. Tracker data is often kept considerably more often than outcomes or startup data
and is thus utilized to generate complete transient data for particular quantities. When doing
an implicit to explicit analysis, the Strain Parameters view the property must be set to Yes
for a complex implicit analysis since plastic strains are required for accurate findings. The
output control options are shown in Fig. 5.12.

= Ou'tpht" Controls
Save Results on 7>Edua_l»ly»Spac...
Result Number Of Points 200
ASave Restart Flles on | Edﬁally Spac...
Restart b Number Of Points Is
Save Result Tracker Data on f—Cycies
Tracker Cycles 1
‘Output Contact Forces | Off

Figure 5.12 Output Control Options
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CHAPTER 6

6 PERFORMING THE EXPERIMENT

6.1 Strategy

The strategy of performing this experiment is to use a computer numerical controlled
machine to perform the turning process and to take the force measurements which we use
later on to calculate the stresses and the strain involved in the process. First of all, we fixed
our workpiece i.e., the circular AA6082-T6 bar to the chuck so that it cannot be moved from
its place. The workpiece is now fixed and cannot move from its place, it will only rotate in
the circular motion with the chuck. After the workpiece is fixed in its place the tool is to be
placed in its place i.e., the tool holder. After placing the tool and the workpiece in their
respective places the tool and the workpiece are to be checked that they are fixed properly
or not regarding the safety issues and also related to the smooth operation of the machine.
The part program is then generated using Siemens Sinumerik 828D CNC machine that
comes with version 4.8 of the operating system which will also be used for the performing
of the turning process later. The starting and the safety commands of the part program are to
be written manually and the cutting cycle is to be substituted with the help of the stock
removal cycle of the machine. The Turning process is then performed and the measurements
are then taken with a dynamometer. With the help of these experimental results, we will find
out the analytical results like stresses, and strains involved in the system. Then these
analytical results are to be compared with the FEA results.

6.1.1 Apparatus Used

There are two types of apparatus used in this study of a CNC turning process. The first type
of apparatus is a machine for performing the turning process and the other one is a
measurement device to measure the parameters in the turning process. The first apparatus
i.e., the machine used for the turning process is Siemens Sinumerik 828D which is a
computer numerically controlled machine and the second apparatus is a measuring device
used for measuring forces and its components are Kistler 9129AA. Both the machines are
available at Integral University, Lucknow where the experiment is performed.
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6.1.2 CNC Machine Used

To perform the Turning process CNC machine used is Siemens Sinumerik 828D, which is
an automatic machine that has many different options for the turning process is available.
Siemens is a company that makes CNC (computer numerical control) and Sinumerik is a
branch of the Siemens family. The Sinumerik 828D controller, with its distinctive CNC
capability, establishes efficiency standards for conventional machining on conventional
machines, as well as functionality to effortlessly manage grinding machines. Sinumerik 828d
has become even more efficient because of new sinamics drives and semiotics motion
control motors. The SINUMERIK 828 CNC's innovation software package allows for a
variety of application areas, including vertical and basic horizontal machining centers ideal
for mold making — surface and cylindrical grinding types of machinery, and two-channel
turning centers with response spindle, focused tools, and Y-axis. Durable hardware design,
clever controller design, and superior drive and motor innovation offer the best dynamic
responsiveness and precision during milling. Improved software-controlled adjustment
capabilities, such as friction, nodding, and cogging torque correction, as well as 3D impact
detection in all operation conditions, offer improved surface machining accuracy and
machine tool reliability. With Sinumerik Operate, all machining techniques, from basic to
complicated, can be managed conveniently and with a consistent "feel and look."

Lightweight and also more complicated machinery with extra axes/spindles and Two
machining channels may be created using the various CNC performance versions (SW24x,
SW26x, and SW28x). As a result, SINUMERIK 828D controls are indeed precisely tailored
to the performance needs of standardized machine ideas for turning (T), milling (M), and
grinding (G). Autonomous cells play a vital role in increasing the productivity and flexibility
of the manufacturing environment. Using the Run My Robot / Easy Connect interface, robots
may be easily linked to manufacturing processes to handle jobs. The machine has a screen
and a keyboard attached to it also so, the part program also can be written directly on the
machine. The machine and its specifications are shown in Fig.6.1 and Fig. 6.2 respectively.
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Figure 6.1 Siemens Sinumerik 828D Machine

Figure 6.2 Specifications of the Machine
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6.1.3 Measuring Device Used

The measuring device used in this study is a type of dynamometer which gives the force and
its components during a machining process. The device used in this study for the
measurement is Kistler 9129AA. Kistler is renowned for elevated detectors and simple-to-
use measuring devices.150 x 107 mm universal dynamometer has naturally high frequencies.
The dynamometer configuration allows for precise detection of highly dynamic forces while
ensuring minimum heat effects. A multiphase dynamometer is being used to measure the 3
components of the resulting force vector and the three factors of the resulting moment vector.

The dynamometer is organized into four 3-component force transducers that are sandwiched
between both the cover plate and the lateral and medial base plates under heavy loading. A
slight temperature inaccuracy is produced due to the detectors' specific installation. Each
force sensor has three crystalline crystal discs, one responsive to pressure in the y-direction
and the other two to shear force in the x or z directions. The forces are evaluated with almost
minimal displacement. The four built-in force detectors' impulses are routed to the 9-pole
flange connector. Measurements of many components of force-moment are conceivable. A
ground isolator is used to install the four sensors. This almost eliminates grounding loop
issues. The Kistler 9129AA employed for measurement in this study is shown in Fig. 6.3.

Figure 6.3 Kistler 9129AA

6.1.4 Part Program Used

The part program is a set of commands that describes the work to be performed on a
workpiece in the format needed by a machine running computer numerical control (CNC)
software. It is the process of converting a drawing sheet into a program sheet. All the
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information that the machine receives is always to be converted into a standardized format.
Programming is a method of compiling all of the machining data and translating it into a
code that the machine tool's management system can understand.

The initial diameter of the workpiece is 25.5 mm and the length is 150 mm. The final
diameter is 8.5 mm and the length is the same as the initial as the turning process only reduces
the diameter. The diameter reduction is done up to a length of 50 mm. The part program is
half-written and half automatically generated with the help of the machine. The start of the
process, the safety commands, and the end of the process are to be written manually and the
rest of the program i.e., the cutting cycle is auto-generated by the machine. For the auto-
generation of the part program, version 4.8 of the operating system is used in the Siemens
Sinumerik 828D CNC machine. The stock removal cycle for the turning process is used to
generate the part program for the cutting cycle. For the auto-generation of the part program,
we have to give some inputs to the machine like the cutting length, feed rate, etc. With these
inputs, the machine will generate a code for the cutting cycle of the workpiece. The input
and the parameters given to the stock removal cycle are shown in Fig. 6.4. The machine also
shows a simulation of your program which can be seen by giving the parameters of the
workpiece. The input parameters are given to the machine and shown in Fig. 6.5.
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Figure 6.4 Stock Removal Cycle
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Figure 6.5 Workpiece Parameter Input

After giving all these inputs the part program code for the turning process is completed. The
part program contains all the necessary inputs required for performing the turning operation.
The part program is

WORKPIECE(, , , “CYLINDER”,0,0,-150,-50,25.5) ||
T="ROUGHING_TOOL”D!I ||

MO03 G96 S200 LIMS=1200 |

G75 X020 ||

GO0 X25.5 72 ||

GO1 X26 ZO FO.1 ||
CYCLE951(25.5,0,10,-50,10,-50,1,0.2,0.1,0.1,11,0,0,0,1,0.2,0,2,11100) ||
G75X0Z0 ||

M30 ||
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This part program is the input for our turning process. The program in the machine as input
is shown in Fig. 6.6. It is clear from the figure that all the required criteria are met for the
turning operation to be performed on the machine. There is a line in the figure which shows
the time of the turning process but it is the simulated time that came after simulating the part
program.

Illlf:;r‘:{ MIIHMHHIM

lllrll .

Figure 6.6 Part Program

6.1.5 Performing the Turning Process

Turning is a type of machining that uses a material removal method to make rotatable pieces
by removing excess or undesirable material. The turning process necessitates the use of a
turning machine or lathe, a workpiece, a fixture, and a cutting tool. The workpiece is a pre-
shaped bit of metal that is fixed to the fixture, which is connected to the turning machine and
rotated at high speeds. The cutter is normally a single-point cutting tool that is also fastened
in the device, while multi-point cutters are used in specific applications. To generate the
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required shape, the cutting tool goes into the spinning workpiece and removes material in
the form of tiny chips. For the turning process to be performed there are some steps that are
involved. First is to fasten the tool and the workpiece to the tool holder and the chuck
respectively. Before running the part program, we generated we have to calibrate the
machine’s coordinate system i.e., we have to give the coordinates to the machine that where
will the tool be touching the workpiece. For this calibration, the x-axis and the z-axis is to
be feed to the machine. Then the part program is to be run on the machine means to start the
machine or the process with the part program which is explained in the earlier section of this
chapter. The tool holder and the tool move from its default position towards the workpiece
which is also shown in the Fig. 6.7.

Figure 6.7 Tool moving towards the workpiece

When the tool reaches the position of the tool the cutting action starts or we can also say
that the turning process is started. The tool will start cutting the workpiece i.e., reducing
the diameter of the workpiece. As the diameter of the workpiece is reduced there is a new
layer available underneath every layer that is cut off from the workpiece. This new surface
of the workpiece is smoother and brighter related to the first or the outer layer of the
workpiece which was cut off in the first cycle of the tool. This surface can easily be seen in
Fig. 6.8.
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Figure 6.8 Tool Cutting the Workpiece

The tool continuously performs the cutting cycle until we reached the diameter of 8.5 mm
from the diameter of 25.5 mm. The tool completes many cycles with a feed of 0.1 mm/rev.
and depth of cut as 0.2 mm. After completing all the cycles i.e., when the turning process is
completed and the diameter of the workpiece reached a diameter of 8.5 mm the tool stops
the cycles and starts to move away from the workpiece and goes to its default position or we
can say it as the origin. The tool moves away from the workpiece as shown in Fig. 6.9. When
the turning was going on i.e., the cutting cycle was running there were layers of the pieces
of the workpiece that was cut away from the workpiece. This layer which is getting cut from
the workpiece is called a chip. The chip in this turning is a continuous type of chip as the
chips that came out from the workpiece are very long. The chip can also be seen in Fig. 6.8
where the cutting process is going on. The chips cut from the workpiece are shown in Fig.
6.10.
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Figure 6.10 Chips formed in Turning Process
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6.2 Final Product

The final product is the product we get after the conventional machining is carried out on an
initial product or else known as Workpiece. This workpiece after the processing and the
finishing becomes the end product. This final product is also known as the finished product
in the industry as this product has met all its requirements and now it is ready to face the
market. In manufacturing, a final product, also known as a finished product, is a product that
is ready for sale. An oil industry's finished product, for example, is oil. The producer sells
his crops as a finished product once they have gone through the entire growth phase.

In this study, the final product is a bar having the desired diameter of 8.5 mm up to a length
of 50 mm and the diameter of 20 mm up to a length of 100 mm. This is the product of our
turning process that was carried on earlier. The final product and its measurements are shown
in Fig. 6.11 and Fig. 6.12 respectively.

Fig. 6.11 shows the final and the finished product of our study having a diameter of 8.5 mm
from the front and 20 mm from the back. The diameter of the final product is measured by a
digital vernier caliper which is also shown in Fig. 6.12 withy the diameter of our final
product.

Figure 6.11 The Final Product
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Figure 6.12 Final Diameter of the Workpiece
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CHAPTER 7

7 RESULT & JUSTIFICATION

7.1 FEA Results

Finite Element Analysis (FEA) is the mathematical simulation of any given physical
phenomenon using the Finite Element Method (FEM) using Finite element models.
Professionals use FEA software to reduce the number of physical prototypes and
experimentations, as well as optimize elements during the design process, to facilitate
positive goods quickly and at a lower cost. To fully comprehend and accurately measure any
physical properties, such as systemic or fluid behavior, thermal transit, vibration, biological
cell expansion, and so on, mathematics must be used. Partial Differential Equations are used
to characterize the majority of these procedures (PDEs). Nevertheless, for the research to
solve such Partial Differential Equations, numerical methods such as Finite Element
Analysis were developed over the last several decades. A system of equations is used to
characterize both natural and physical phenomena experienced in solid mechanics. These
partial differential equations (PDEs) are complex equations that must be answered to
calculate relevant structural measurements (such as stresses, strains, and so on) to calculate
structural behavior under a specified load.

It is critical to understand that the Finite element method provides only an estimated solution
to the issue and is a mathematical approach to obtaining the true result of these partial
differential equations. To put it simply, FEA is a numerical model for estimating how a part
or assembly will behave or start behaving under certain circumstances. It serves as the
foundation for advanced simulators, assisting professionals in identifying weaknesses, areas
of strain, and other flaws in their models. The outcomes of an FEA-based simulated world
are frequently represented using a color scale that indicates, for example, the stress
distribution over the entity. Finite Element Analysis began with incredible potential in
modeling a variety of mechanical applications such as aerospace and civil works. Finite
Element Method implementations are only now beginning to excel. One of the most
promising teams is its implementation of combined issues such as thermo-mechanical,
electromagnetics, thermo-chemical, thermo-chemo-mechanical problems altogether,
piezoelectric, ferroelectric fluid-structure interaction, as well as other similar topics. The
FEA results in this study are taken in the explicit dynamics module of the Ansys software.
The analysis of this study took 3 days up to an estimation. We calculated three results for
Normal Stress, Shear Stress, and Shear Elastic Strain based on the analysis. These results
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show us the final stage up to some seconds of the analysis where the cutting cycle is started
and the tool is started penetrating the workpiece.

The analysis of Normal stress concerning the x-axis is shown in Fig. 7.1. The red color in
the figure shows the failure effect of the workpiece i.e., from where the chip will start to cut
off from the workpiece. After red the color goes from red to orange followed by yellow with
following other various colors. The red color shows the maximum value of the normal stress
and the blue color shows the minimum amount of the normal stress in the system. The details
related to the Normal stress are given in fig 7.1 in the top left corner of the image. The
information available at the end of the analysis is the type of the analysis, the unit of the
system, the coordinate of the system, the time, the cycle number, and the time and date of
the result calculated and taken into account. This result can also be shown in many other
ways like line diagrams, pie charts, graph representations, etc. The result shown in the graph
representation in this study is a line graph. A line graph is a type of diagram or a graphical
representation that is used to display data that changes constantly concerning time. Line
graphs are created by connecting numerous points with one or more straight lines. It can also
be known as a line chart. The line graph always has two axes, one is known as the x-axis and
the other one is known as y- the axis. The line we have on the horizontal axis is referred to
as the x-axis and the line we have on the vertical axis is referred to as the y-axis. The line
graph studied in this study is plotted in-between time and the normal stress in the system as
the analysis is also done concerning time. The line graph shows the relation between the
normal stress and the time. The line graph representation of the system is given in Fig. 7.2.

Time: 2.000e-007
Cycle humber: 114
3/29/2022 415 PM

2189.6 Max
1788

-1424.2 Min

40,00 ) X

Figure 7.1 Normal Stress Analysis
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Normal Stress Chart
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Figure 7.2 Line Graph (Time vs Normal Stress)

The analysis of Shear stress concerning the x-y plane is shown in Fig. 7.3. The red color in
the figure shows the failure effect of the workpiece i.e., from where the chip will start to
cut off from the workpiece. After red the color goes from red to orange followed by yellow
with following other various colors. The red color shows the maximum value of the shear
stress and the blue color shows the minimum amount of the shear stress in the system. The
details related to the shear stress are given in fig 7.3 in the top left corner of the image. The
information available at the end of the analysis is the type of the analysis, the unit of the
system, the coordinate of the system, the time, the cycle number, and the time and date of
the result calculated and taken into account. This result can also be shown in many other
ways like line diagrams, pie charts, graph representations, etc. The result shown in the
graph representation in this study is a line graph. A line graph is a type of diagram or a
graphical representation that is used to display data that changes constantly concerning
time. Line graphs are created by connecting numerous points with one or more straight
lines. It can also be known as a line chart. The line graph always has two axes, one is
known as the x-axis and the other one is known as y- the axis. The line we have on the
horizontal axis is referred to as the x-axis and the line we have on the vertical axis is
referred to as the y-axis. The line graph studied in this study is plotted in-between time and
the normal stress in the system as the analysis is also done concerning time. The line graph
shows the relation between the Shear stress and the time. The line graph representation of
the system is given in Fig. 7.4.
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Figure 7.3 Shear Stress Analysis
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Figure 7.4 Line Graph (Time vs Shear Stress)
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The analysis of Shear elastic strain for the x-y plane is shown in Fig. 7.5. The red color in
the figure shows the failure effect of the workpiece i.e., from where the chip will start to
cut off from the workpiece. After red the color goes from red to orange followed by yellow
with following other various colors. The red color shows the maximum value of the shear
elastic strain and the blue color shows the minimum amount of the shear elastic strain in
the system. The details related to the shear stress are given in fig 7.5 in the top left corner
of the image. The information available at the end of the analysis is the type of the
analysis, the unit of the system, the coordinate of the system, the time, the cycle number,
and the time and date of the result calculated and taken into account. This result can also be
shown in many other ways like line diagrams, pie charts, graph representations, etc. The
result shown in the graph representation in this study is a line graph. A line graph is a type
of diagram or a graphical representation that is used to display data that changes constantly
over time. Line graphs are created by connecting numerous points with one or more
straight lines. It can also be known as a line chart. The line graph always has two axes, one
is known as the x-axis and the other one is known as the y-axis. The line we have on the
horizontal axis is referred to as the x-axis and the line we have on the vertical axis is
referred to as the y-axis. The line graph studied in this study is plotted in-between time and
the normal stress in the system as the analysis is also done concerning time. The line graph
shows the relation between the Shear elastic strain and the time. The line graph
representation of the system is given in Fig. 7.6.
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Figure 7.5 Shear Strain Analysis
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Shear Elastic Strain Chart
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Figure 7.6 Line Graph (Time vs Shear Elastic Strain)

7.2 Experimental Results

As explained in the earlier chapter, the study of the experiment is done on the Siemens
Sinumerik 828D CNC machine and the measurement of the forces and the components of
the forces are done by a force dynamometer Kistler 9129AA. In physics and technology,
experimental information is collected and generated by quantification, testing methods,
study research, or experimental layouts. Any data generated in clinical trials is the
consequence of a research study. Experimental data can be qualitative or quantitative,
depending on the research. In particular, qualitative information is considered more
expressive and can be subjective when compared to a constant measuring tool that produces
numeric values. Whereas quantitative data is usually collected in an experimentally frequent
manner, qualitative information is usually more strongly related to the spectacular
significance and is thus up for interpretation by independent researchers. Typically, the goal
of a study is to determine the relationships between various potential determinants and the
target variable. An experimental unit is the smallest element of an experimental sample that
can be selected for treatment. It is critical to select a fair representation set of experimental
units that are appropriate for one’s research.

The experimental result is shown in the graphical representation in this study. The type of
graphical representation used for representing the result is a line graph. A line graph is a type
of diagram or a graphical representation that is used to display data that changes constantly
time. Line graphs are created by connecting numerous points with one or more straight lines.
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It can also be known as a line chart. The line graph always has two axes, one is known as
the x-axis and the other one is known as the y-axis. The line we have on the horizontal axis
is referred to as the x-axis and the line we have on the vertical axis is referred to as the y-
axis. The line graph studied in this study is plotted in-between time and the normal stress in
the system as the analysis is also done concerning time. The line graph shows the relation
between the component ratio and the time based on the experimental results. The line graph
representation of the system is given in Fig. 7.7.
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Figure 7.7 Component Ratio vs Time Graph of Results

7.3 Analytical Results

Analytical Results refer to all affiliations, information, variations in results produced by the
experiments results or its assessment of FEA Data and/or Experimental Data for the
Research or study purposes. Rational series of operational processes, described broadly, used
in quantification achievement"”, e.g., the connections of a given analysis methods with
specific stimulation and recognition. Analytical procedure is a set of operational processes
that are specifically explained and used in the performance of individual measurement
techniques according to several specific implementation. One of most crucial components
of any analytical result is its dependability. An analytical result is not really a fixed value; it
has two characteristics: error and uncertainty. Each of these parameters' source materials
must be identified, and their characteristics must be calculated. All analytical findings are
achieved through the use of a suitable measuring methodology. In this study, the analytical
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results are calculated by the formulas and conditions related to the cutting conditions based
on the experimental results.

The spindle speed in this study is 200 rev./min. with the feed rate of 0.1 mm/rev. and the
depth of cut taken in this study is equal to 0.2 mm. With the help of the graph and the
experimental results, we have

Radial Force Component, F. = 0.66 (7.1)
Cutting Force Component, F, = 0.89 (7.2)
Feed Force Component, Fr = 1 (7.3)

Based on the above values and concerning the experimental results we will now find the
analytical values for the Normal Stress, the Shear Stress, and the Shear Strain. Before finding
these parameters, we have to find some other parameters like thrust force component, rake
angle, Shear angle, etc. The analytical results are shown in this section.

Radial Force component, . = F, sin{¥ (7.4)

Fr _ 0.66
siny sin 90°

Thrust Force component, Ft= =0.66 (7.5)

We can find the Thrust force component required to find the values which will be compared
to the FEA results calculated in the Ansys software. with the values given in the Eqn. (7.1),
(7.2), and (7.3). By solving the equation, we get the value of the thrust force component
which is 0.66 stated in the Egn. (7.5).

tan a, cos ¥; = tan a, sin ¥ (7.6)

sin¥s _ tan oy

cos¥s tanoag

tan ‘PS — tan 0
tan 5
Y, = tan~! (0) = 0° (7.7)

From the equation shown in Eqgn. (7.6) we can get the value of the Side cutting edge angle
which we will use to find the required values. By solving the equation, we get the value of
the Side Cutting edge Angle of the tool which is 0° stated in the Eqgn. (7.7).

— tan ay sin ¥ + tan ag cos¥.
a = tan™![ Lo =] (7.8)
J1+(tanap cos ¥s— tan ag sin ¥s)?2

O+tan5cos0
J/1+(0—tan5sin 0)2

a = tan~1[

]
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1 0.0875
n~l——

=

a = 5° (7.9)

From the equation shown in Egn. (7.8), we can find the value of normal rake angle which
will be later on used to find the value of shear strain in the system. By solving this equation,
we can get the value of the Normal rake angle i.e., 5° stated in the Eqn. (7.9).

Cutting Ratio, r = ti (7.10)
— 02
T 022

r =0.909 (7.11)

From the equation shown in Egn. (7.10), we can find the value of the cutting ratio which will
be later on used to find the value of the shear angle in the system. By solving this equation,
we can get the value of the Cutting Ratio i.e., 0.909 stated in the Eqn. (7.11).

rcosa
tand = P— (7.12)
tancl) — 0.909 cos5

1-(0.909sin 5)
tan¢$ = 0.983
¢ = tan™! (0.983)
¢ = 44.51° (7.13)

From the equation shown in Eqgn. (7.12), we can find the value of the Shear Angle which
will be later on used to find the value of the normal stress, the shear stress, and the shear
strain in the system. By solving this equation, we can get the value of the Shear Angle i.e.,
44.51° stated in the Eqgn. (7.13).

Now, we have all the values required to find out the value of the Normal Stress, the Shear
stress, and the Shear Strain. We will use all the values we calculated to calculate the stresses
in the system.

(F;sin o+ I;ttcos d)sind (7.14)

Normal Stress, o =

Putting the values of Eqn. (7.2), Eqn. (7.5) and Eqn. (7.13), we get

__[0.895sin(44.51)—0.66 cos(44.51)] sin(44.51)
0.75%0.2
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G = (0.6239—0.47066) 0.7010
- 0.15

o =716.14 MPa (7.15)

From the equation shown in Egn. (7.14), we found the value of the Normal Stress which is
the desired value. By solving this equation, we get the value of the Normal Stress i.e., 716.14
MPa stated in the Eqgn. (7.15).

__ (Fccos ¢ — Fysin §) sing

Shear Stress, 7, = ” (7.16)

Putting the values of Eqn. (7.2), Eqn. (7.5) and Eqn. (7.13), we get

[0.89 cos(44.51)—0.66 sin (44.51)] sin(44.51)
s 0.75%0.2

_ (0.6347—0.4627) 0.7010
s 0.15

7, = 803.81 MPa (7.17)

From the equation shown in Egn. (7.16), we found the value of the Shear Stress which is the
desired value. By solving this equation, we get the value of the Shear Stress i.e., 803.81 MPa
stated in the Eqgn. (7.17).

Shear Strain, y = cot + tan(p — @) (7.18)

Putting the values of Eqn. (7.9) and Eqn. (7.13), we get

_ 1
" tan(44.51)

y + tan(44.51 — 5)

y = 0.01725 + 0.01246
y = 0.0184 (7.19)

From the equation shown in Egn. (7.18), we found the value of the Shear Strain which is the
desired value. By solving this equation, we get the value of the Shear Strain i.e., 0.0184
stated in the Eqn. (7.19).

In this section of chapter 7, we have seen the analytical results and the values of the stresses
and strains in the system. The value of normal stress, the shear stress, and the shear strain
are the most important values which will be considered when the comparison between the
analytical and the finite element analysis results are done. The percentage error is then
calculated for the conclusion of this study.
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CHAPTER 8

8 CONCLUSION & FUTURE WORK

8.1 Conclusion

In this thesis, the analysis of the CNC turning process of an aluminum alloy i.e., AA6082-
T6 is done successfully. For this analysis, the FEA and the analytical results are carried out.
Then the finite element analysis results are compared with the analytical results to find out
the percentage error between both the results we got. The percentage error is the difference
between the measured value and the true value in comparison with the original value. In
other words, the relative error magnified by 100 equals the percent error. The approximation
of the errors in a system is also called the percentage error. There are three values of which
we have to find out the percentage errors. The first value is Normal stress, the second value
Is shear stress and the last or the third value is the shear strain. The results and the values are
shown in the previous chapter and all the calculation of the stresses and the strains is also
done in the previous chapter. The percentage error we get for the Normal stress is -67.3%.
The negative mark depicts that the FEA result value is very small about the analytical value
that we calculated. The percentage error for the value of Normal stress is too high because
the software shows us the stress from the starting point up to the end time given for the
analysis and the Normal stress, we got is the value from the starting point up to a certain
point in time in relation with the force components. The percentage error value of second
stress i.e., shear stress is 4.80%. This percentage error value is very low and depicts that our
FEA result value is very near to the analytical value that we calculated based on the
experimental results. The percentage error of the third value or the last value i.e., shear strain
Is 32.27%. This percentage error value is respectively low and depicts that our FEA result
value is partially near to the analytical value that we calculated based on the experimental
results.
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8.2 Future Work

For future research, several topics are considered to expand the present research work. To
create the FEA model for the whole CNC system, certain factors should be considered
including CNC machine specifications and the accuracy of the machine. The study was done
on a circular aluminum alloy which can be replaced with a different shape of alloy with or
without the use of the lubrication or chip cutters in the CNC system.

There is a set of cutting parameters used in this study changing them will also increase or
decrease the productivity of the process. So, cutting parameters can be changed for better
performance. The optimization can be done of the CNC turning process for the aluminum
alloy AA6082-T6 workpiece. Aluminum alloys are the most usable material in the industry
after steel for CNC machining. So, further analysis and the optimization of the CNC
machining can be done.

Because FEA simulation takes a long time, a better meshing method or options for time
reduction, or time efficiency, must be researched. More simulation studies with various types
of tools and their cutting parameter ranges are required.
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