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ABSTRACT

In the present world, it is observed that quality and productivity plays a vital role in today’s
industrial applications. Customer satisfaction remains the primary goal for industry which is
directly under the influence of quality, whereas the profit margin of the industry relies
subsequently on the productivity of the process. Thus for every industry to survive in this
competitive world, optimisation is the key element to control the functional parameters

simultaneously.

This dissertation is focused on optimising quality characteristics through the use of Response
surface methodology. Turning operation on CNC lathe machine is the centre of focus for the
study, while the output factors chosen are surface roughness and residual stress.

Surface quality is the major concern for every customer which is rather hard to quantify, thus
surface finish is kept as a crucial indicator for CNC Lathe performance. Various input
parameters considered for the experimentation is cutting speed, feed rate and depth of cut.
Suitable design matrix is prepared using Central Composite Design through RSM including the

input parameters for CNC turning on AISI 8620 steel.

The effect of the selected process parameters on the surface finish and residual stress is prepared
on RSM. Furthermore ANOVA is used to analyze the performance characteristics in CNC
turning operation. Since the p value for the output parameter is less than 0.05 which indicates
that model is maintained significant while lack of fit is kept insignificant. Eventually, for
obtaining the optimum values for various responses, F value was taken in order to investigate the
dominating parameter. Finally the conclusions were drawn which reveals that cutting speed
should be raised while feed rate and depth of cut be dropped in order to optimise the output

responses.

Keywords: Turning operation, CNC Lathe machine, Response Surface Methodology, ANOVA,

Surface Roughness, Residual Stress.



CHAPTER 1
INTRODUCTION

1.1 Introduction

The primary difficulties of the metal-based sector are to increase the productivity and
performance of the machined components; there has been enhanced concern in tracking all
elements of the machining method. Turning is the most commonly used process of cutting. The
determination of machinability of materials is done by measure of SF and material removal rate;
Surface finishing is a significant product quality metric as it significantly affects mechanical
components performance as well as manufacturing costs. Optimizing machining parameters
improves the cost-effectiveness of machining and also greatly improves the product quality.

The objective in contemporary sector is to produce high-quality products at small price in a short
time. For this intent, automated and flexible production devices were used along with CNC;
computers capable of attaining elevated precision and very small handling moment. Turning was
the most popular cutting technique, particularly for machined components for completing [1].
Turning is the first most popular cutting technique, particularly for machined components for
completing. To achieve strong reducing efficiency, it is essential to pick reducing parameters in
switching procedure. Cutting parameters reflect surface roughness, ground composition and
material size variation [2]. The surface finish obtained during the manufacturing process depends
primarily on the combination of two aspects: the ideal SF provided by the marks produced by the
manufacturing process on the surface and the actual SF produced, taking into account the
irregularities and deficiencies that may occur during the manufacturing process, changing the
initial production process conditions [3].

The surface of each portion involves some sort of texture produced by any mixture of the
previous variables: the material's microstructure, the behavior of the cutting tool, instrument
milling distortion, instrument guide mistakes and deformations induced by the component's
stress models.

An architectural component's ground composition was very crucial. The machining procedures
impacted it by modifications in the product or machine circumstances [4]. A machined texture
contains a ton of useful method data including wear of tools, built-up edge, earthquakes, harmed
machine components, etc. Under stable machining circumstances, the texture of the substrate

modifications significantly owing to wear-induced modifications in the form of the cutting tool.
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Because the cutting tool works straight on the workpiece during machining, it impacts the
workpiece Texture of the ground of the workpiece which offers accurate and detectable data on
the situation of the instrument for the classifications. A machined board is therefore a slicing rim
copy that holds precious data about the condition of the instrument (i.e., shortness or bluntness).
Turning was a commonly used machining method that extracts content from the ground of the
spinning cylindrical workpiece by a single point cutting tool. In a rotating procedure it is
necessary to determine three slicing parameters, i.e. spindle velocity, load frequency and slice
length. Common techniques for assessing the efficiency of machining in a rotating procedure are
focused on the previous efficiency features: tool lives, cutting power, and surface rigidity. Tool
lives, cutting power and SR are basically heavily correlated with slicing parameters such as CS,
load frequency, cutting angle [5].
1.2 Turning Operation
Turning is removing metal from the spinning cylindrical workpiece's exterior diameter. Turning
is used to reduce the workpiece's diameter, usually to a specified size, and to produce a smooth
metal SF. The workpiece is often transformed to have distinct diameters in neighboring parts.
Turning is the process of machining which generates cylindrical components. It can be described
in its fundamental shape as the processing of an internal layer

» With the rotation of the workpiece.

» With a single point cutting tool, and

» With the cutting tool flowing adjacent to the workpiece matrix and at a range to clear the

job layer.

Taper Turning is almost the same, except that at an angle to the job column the cutter route is the
same. Similarly, the range between the cutter and the job unit is diverse in contour spinning to
create the required form. Although a single point instrument is a defined, various instrument
setups are not excluded, which are often used in rotating. In such configurations, each instrument
works as a separate point cutter separately.
1.3 Adjustable Cutting Factors in Turning
In any fundamental rotating procedure, the three main considerations are velocity, load and
cutting distance. Of course, other variables such as product type and instrument sort have a big
impact, but these are the three that the user can alter by changing the handle straight on the

device.



1.3.1 Speed

Speed relates to the spindle and workpiece at all times. It informs their spinning velocity when
specified in cycles per minute (rpm). But the ground velocity, or the velocity at which the
workpiece fabric moves passed the cutting tool, is the significant characteristic for a specific
rotating procedure. It is merely the result of the spinning velocity moments the workpiece
circumference before starting the chop. It is expressed in meter per minute (m / min). Every
different diameter on a workpiece will have a different CS, although the speed of rotation is the

Same.

DN
V =—— mimin
1000

In this case, V is the CS in turning; D is the workpiece's initial diameter in mm, and N is the
RPM spindle speed.
1.3.2 Feed
Feed is always the cutting tool and it is the speed at which the instrument progresses along its
drafting route. The feed rate is immediately associated with slicing velocity on most power-fed
laths and is measured in mm (instrument progress) per revolution (of the spindle) or mm / rev.

F = f X N mm/min
Here, F is the feed in the mm per minute, f is the feed in mm/rev and N is the spindle speed in
RPM.
1.3.3 Depth of Cut
DOC is almost self-explanatory. It is the thickness of the layer to be removed from the
workpiece (in a single pass) or the distance from the work's uncut to the cut surface, expressed in
mm. However, it is essential to notice that the workpiece's diameter is lowered by twice the

cutting range as this coating is separated from both ends of the job.
D—-d
deyt = — mm

In this case, D and d are the initial and final diameters in mm of the work.



1.4 Computer Numerical Control (CNC)
CNC is one that controls a machine tool's features and movements through a ready program that
contains alphanumeric written information. CNC can regulate workpiece or instrument
movements, interface parameters like feed, slice volume, velocity, and features like switching on
/ off spindle, switching on / off coolant.
1.4.1 Applications
CNC's apps include regions for both machine tool and non-machine instrument. CNC is
commonly used for lathe, drill press, processing device, processing unit, laser, sheet metal press
operating system, tube bending machine etc. in the machine tool classification. Highly automated
machine tools have been created, such as switching center and machining center that
automatically alter the cutting tools under CNC command. CNC apps in the non-machine
instrument group include welding devices, position assessment devices, electronic installation,
touch setting, and composite filament winding systems, etc.
1.4.2 Advantages and Limitations
Benefits of CNC are following below:-

» High Accuracy

» Short production time, greater flexibility

» Simpler fixturing

» Contour machining(225 Axis Machining)

» Reduction of human error
The drawbacks include high cost, maintenance and the requirement of skilled part programmer.
1.4.3 Elements of a CNC
A typical CNC system consists of the 6 elements.

» Part Program
Program Input Device
MCU

Drive System

YV V VYV V

Machine Tool
> Feedback Device
1.5 Cutting Tool Materials



HSS Tool, cobalt-based alloys, cemented carbides, ceramics, polycrystalline CBN and
polycrystalline diamond are presently used for machining. Different apps of machining
involve varying components of working tools. The perfect drafting instrument fabric should
have all the previous features
» Harder than the job it is drawing
» High heat strength
» Resist friction and heat stress
» Impact resistant
To efficiently pick a device manufacturer's or engineer's machine tools, specific information mus
t be provided on:
» Start and complete portion form
Work piece hardness
Material tensile strength
Material abrasives

Chip sort produced

YV V. V V V

Work keeping configuration

» Machine tool power and velocity capability
Some popular cutting tool materials are outlined below:-
1.5.1 Carbon Steel
Carbon Steels have been used since the 1880’s for cutting tools. However, carbon steels start to
soften at a temperature of about 180°C. This limitation means that such tools are rarely used for
metal cutting operations. Plain Carbon Steel Tools, containing about 0.9% Carbon and about 1%
Manganese, Hardened to about 62 Rc, are widely used for wood working and they can be used in
a router to machine aluminium sheet of upto about 3 mm thick.
1.5.2 High Speed Steels (HSS)
HSS instruments are so appointed for being designed for cutting at greater rates. The most
extremely alloyed instrument steels developed around 1900 HSS. The tungsten (T-Series) was
first created and typically includes 12-18% tungsten comprising about 4% chromium and 1-5%
vanadium. Most grades comprise about 0.5% of molybdenum and the majority of grades
comprise 4-12% of cobalt. Approximately 95 percent of all HSS instruments are therefore

produced from grades of the M- series. These comprise 5-10% molybdenum, 1.5-10% tungsten,



1-4% vanadium, 4% chromium. HSS instruments are hard and appropriate for disrupted
processing and are used to produce complicated shaped instruments such as presses, reamers,
presses, presses and equipment cutters. Tools can also be covered to enhance wear strength. HSS
represents the biggest tonnage of presently used instrument components. Typical velocity of
slicing; 10-60 m / min.

1.5.3 Cast Cobalt Alloys

These alloys have proportions of about 40-55 percent cobalt, 30 percent chromium and 10-20
percent tungsten introduced in the beginning 1900s. Maximum 55-64Rc hardness score. They
have excellent work strength, but they are not as hard as HSS but can be used at rates that are
somewhat greater than HSS. Now used only in restricted quantities.

1.5.4 Carbides

Also described as cemented carbide or sintered carbide were launched in the 1930s and have
elevated strength over a broad heat spectrum, elevated heat conductivity and elevated youth
module. Making them an efficient instrument for a broad spectrum of apps and die content.
Tungsten carbide and copper carbide are the two groups used for machining; both kinds may be
covered or uncoated. Particles of tungsten carbide (1-5 micrometer) are linked together using
oxide metallurgy in a silver framework. Pressing and sintering the material to the necessary
envelope form. In order to impart unique characteristics, titanium and niobium carbides may also
be included. For various apps, a broad variety of grades are accessible. The dominant form of
fabric used in slicing is the sintered carbide guides. Cobalt ratio (the usual matrix substance) has
a important impact on carbide tool characteristics. Cobalt matrix of 3-6 percent provides better
hardness while cobalt matrix of 6-15 percent provides more toughness while reducing hardness,
tear resistance and strength.

Carbide tungsten instruments are widely used for metal, cast iron and non-ferrous abrasive
products. Typical slicing rates when covered are 30-150m / min or 100-250 m / min.

1.5.5 Coatings

Coatings are often added to advice on carbide tools to enhance the lives of the instrument or to
allow greater working rates. Typically, coated hints have life 10 times higher than uncoated
advice. Common fabric products, generally 2-15 micrometer dense, include titanium nitride, zinc
carbide and aluminum oxide.

1.5.6 Cermets



Developed in the 1960s, it typically includes 70 percent oxide of aluminum and 30 percent
carbide of titanium. Some formulations contain carbide of molybdenum, carbide of niobium and
carbide of tantalum. Performance appears to give few advantages between those of carbides and
ceramics and coatings. Typical rates of slicing; 150-350 m / min.

1.5.7 Ceramics

1.5.7.1 Alumina

For cutting tools, two classes were introduced in the early 1950s; fine-grained high-purity
aluminum oxide (Al203) and silicon nitride (Si3N4) were pressed into insert tip shapes and
sintered at high temperatures. Titanium carbide and zirconium oxide (ZrO2) additions may be
produced to enhance characteristics, but while ZrO2 increases the toughness of the fracture, it
decreases the hardness and thermal conductivity. To improve toughness and thermal shock
resistance, Silicon Carbide (SiC) whiskers can be introduced. Typical rates of slicing; 150-650 m
/ min.

1.5.7.2 Silicon Nitride

A instrument design was created in the 1970s depending on silicon nitride, which may also
comprise aluminum oxide, yttrium oxide and zinc carbide. SiN has an iron bond and is not
appropriate for steel processing which contains the components of silicon, aluminum, oxygen
and nitrogen. These have greater heat shock strength than carbon nitride and are suggested at
medium slicing rates for machining wrought steel and nickel-based super alloys.

1.5.7.3 Cubic Boron Nitride (CBN)

The second hardest material accessible after diamond was introduced in the mid 1960s. CBN
instruments can be used either in the shape of tiny strong guides or as a 0.5 to 1 mm dense
coating of polycrystalline boron nitride sintered onto a carbide surface under stress. In the latter
event the carbide offers crash resistance and the CBN coating offers very large slip resistance
and slicing border stability. Typical rates of slicing: 30-310 m / min.

1.5.7.4 Diamond

Diamond is the easiest recognized material, although single crystal platinum has been used as a
instrument, it is fragile and must be installed in the right crystal position in order to achieve
optimum instrument lives. Single glass laser instruments were predominantly substituted by
PCD.



This comprises of very tiny synthetic crystals linked to a density of between 0.5 and 1 mm and
attached to a carbide substratum by a elevated temperature elevated stress method. The results
are comparable to those of CBN instruments. The diamond crystalline accidental direction stops
track propagation, enhancing toughness. Cutting rates typically: 200-2000 m / min.
Developments with whisker strengthening, such as silicon nitride enhanced with silicon carbide
whiskers, are being held out to enhance the toughness of instruments. As metal extraction levels
have risen, the need for heat-resistant cutting tools has also risen.

The outcome was a transition from HSS to carbide, as well as from ceramics and other super
hard materials. HSS trimmed the carbon steels they substituted four times quicker.

Over 30 grades of HSS are available in three primary classifications: grades centered on
tungsten, molybdenum and molybdenum-cobalt. In sector today, in most apps, carbide
instruments have substituted HSS. These carbide and carbide covered instruments slice quicker
than high-speed steels about 3 to 5 times.

Ceramic tools are more resistant to heat than carbides, but more brittle. They are suitable for cast
iron, tough steels and super alloys machining. There are two kinds of ceramic extraction
instruments accessible: alumina and silicon-nitride-based ceramics. Alumina-based ceramics are
used to finish ferrous and some non-ferrous products at elevated velocity semi-and complete.
Ceramics based on silicon nitride are usually used to make cast iron and super alloys rougher and
lighter.

1.6 Response Surface Methodology

This optimization methodology comprises of several mathematical and statistical techniques that
facilitate problem analysis where the answers or results depend on different entry factors and the
aim is to optimize the answers. RSM is widely used in locations where the entry factors directly
depend on the answers that determine the products performance features. Generally speaking,
RSM involves more than 1 entry element in the scientific or experimental strategy. By starting a
low-order polynomial, RSM attempts to establish a connection between factors and reactions.
For example

A first-order model with 2 independent variables can be expressed as

Y =bo + bix1 + boxo + e (1.2)

If there is a curvature in the response surface, then a higher degree polynomial should be used.

The approximating function with 2 variables is called a second-order model:



Y = Do+ b1 + bz + b11.X%11 + b2 X?22 + b12.X12 + € (1.2)

Least square method is used for the highest estimate between reaction and variable of the
polynomial relationship. Data collection in an organized manner enables to determine the most
precise polynomial relationship [6].

1.6.1 Central Composite Design

A CCD usually referred to as a focal composite setup includes an embedded factorial or
fragmentary factorial sketch with concentrate points that is expanded by a collection of point
concentrate that allows arch assessment. If the distance for each variable from the focal stage of
the sketch room to a factorial stage is +1 division, the distance from the focal stage of the
schedule room to a target stage is +a. The exact estimation of o is based on the desired specific
properties for the plan and the quantity of included components. Furthermore, the amount of
concentrate stage the project operates is to include actually depends on specific properties
needed for the plan [6].

1.7 Surface Structure and Properties

SR is a significant indicator of product quality as it significantly affects mechanical components
efficiency as well as price of manufacturing. Surface roughness affects mechanical
characteristics such as fatigue behavior, strength to corrosion, creep existence, etc. It also
impacts other components operational characteristics such as friction, touch, reflection of color,
transmission of heat etc. It is also essential to address characteristics before surface roughness,
since they are strongly linked.

After closely examining a metal piece's layer, it can be discovered that it usually consists of
several parts. The features of these strands are described here shortly:

() Bulk glass, also recognized as the metal substrate, has a framework that relies on the metal's
record of composition and handling.

(if) There is a coating above this mass metal that has generally been deformed plastically and
worked to a higher level during the production phase. The work-hardened layer's size and
characteristics (the concrete structure) rely on variables such as the handling technique used.

The use of strong instruments and the choice of suitable handling parameters lead to littler-free
substrates. During production activities, non-uniform texture distortion or serious heat gradients

generally trigger remaining stress in the coating.
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(iii) The metal is processed and stored in an inert environment or is a noble metal such as gold or
platinum, an oxide layer forms over a hard layer of work.

(iv) The ground oxide sheets are usually coated with dissolved gas and moisture strands under
ordinary climate circumstances.

Therefore, substrates have characteristics that are usually very hard from substrate ones. The
oxide from the substratum on a metal layer is usually very hard. Oxide is usually much difficult
on a metal layer than base metal. Oxides therefore appear to be brittle and abrasive.

Surface performance is an significant parameter for assessing the efficiency of tool instruments
and machined components, thus achieving the required soil value for the mechanical components
' operational conduct. The ground roughness is the item performance index and affects several
characteristics such as fatigue strength, strain ratio, lubrication, corrosion resistance and machine
component wear resistance. Special focus is now given to spatial precision and surface finishing
in the manufacturing industry.

The measurement and characterization of the surface finish is therefore regarded to be the
predictor of the results of machining.

1.8 Factors affecting surface finishing

Whenever two machined surfaces fall into touch with each other, the quality of the binding
components performs a major part in the efficiency and carry of the coupling components. The
height, size, structure and orientation on the workpiece of these ground defects depends on a
variety of variables such as:

1.8.1 Depth of Cut

Increasing the working range improves the strength to slicing and the vibration amplitude. As a
result, the temperature reduction also increases. Therefore, ground performance is anticipated to
deteriorate.

1.8.2 Feed

Experiments demonstrate that because of the rise in working power and vibration, surface
roughness also improves as the feed rate rises.

1.8.3 Cutting Speed

Increasing the CS usually increases the performance of the surface.

1.8.4 Engagement of the cutting tool

This variable operates in the same manner as cutting thickness.
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1.8.5 Cutting Tool Wears
The cutting edge defects owing to strain are displayed on the ground of the machine. In addition,
as tool wear rises, there will be other vibrant events such as increased noise, which will further
deteriorate ground performance.
1.8.6 Use of Cutting Fluid
The cutting fluid is usually advantageous in terms of SR because it has three distinct effects on
the cutting method. First, it absorbs the heat generated during the cutting process by mainly
cooling the tool point and the working surface. In addition, the cutting fluid can reduce the
friction between the rake face and the chip and between the flank and the machined surface.
Finally, the cutting fluid's laundry intervention is significant as it involves separating chip pieces
and wearing droplets. Therefore, it is anticipated that the performance of a ground machined with
the existence of working fluid is greater than that acquired from wet processing.
The required slicing parameters are generally chosen depending on the handbook's knowledge or
use. But by modeling the surface roughness and optimizing slicing parameters, a stronger
outcome can be accomplished. Several mathematical models were built to identify the
connection between reducing efficiency and slicing parameters depending on statistical
regression or neural network methods.
Since Turning is the main procedure in most of the industry's manufacturing cycle, surface
finishing of turning parts has a higher impact on product quality. The SF in Turning has been
discovered to be affected by a variety of variables such as load frequency, work hardness,
volatile built-up edge, velocity, slicing thickness, slicing moment, use of working liquids, etc.
1.9 Quality and Productivity
Quality and productivity have been seen for years as two significant corporate efficiency
indexes, particularly in manufacturing sectors. They are always stressed individually, though.
The primary causes that value and productivity are not emphasized at the same time are that
the goals and indicate a favorable connection between value and productivity.
» Importance of productivity
> Keep expenses down for profit improvement and/or price reduction.
» Makes it possible for companies to invest more on enhancing customer service and
additional facilities.

» Quality Importance:-
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> Increase faithful customer repetition buys.

> Allows a company to distinguish its products.
Effectively managing performance was a main determinant in the search of reduced overall costs
and enhanced customer satisfaction by an organization. In previous days, performance problems
were predominantly specified or processed and related to machinery being unable to manufacture
performance customer-desired parts and products in a credible fashion to a required standard.
This was mainly a task for the company and was addressed as such. The difficulties of today are
quite distinct. The performance of a commodity today relies not only on the operations
performed on it within the company, but also on the value chain at every point.
The performance of its item is the concern of every manufacturing organization. While it is
essential to satisfy the volume demands and the manufacturing timetable, it is similarly essential
that the completed item meets the specifications that have been developed. It is because the
fulfillment of the customer is obtained from products and facilities of value. Strict rivalry at
domestic and global stage and consciousness of clients involve the company's existence and
development to produce value products and facilities. It is more probable that performance and
productivity will give wealth to the nation and enhance the standard of work life.
However, by operating its company at the required financial stage, the leadership seeks to attain
client fulfillment. Both can be achieved through the growth of the value of wealth equity,
performance retention, and product quality improvement.
It should be borne in mind that efficiency is affected by many variables such as skills of the
worker, motive and commitment, techniques of employment used, performance of workmanship,
development of employees, equipment used and leadership efficiency. Productivity is the
cornerstone of any nation's financial development. Higher productivity results in greater living
standards.
Higher productivity findings in cost reduction as well as enhanced marketing opportunities,
enhanced customer service responsiveness, improved cash flow and revenues. Increasing
achievement in current company can contribute to operational growth and an boost in the amount
of employment. If salaries rise without a rise in productivity, it will result in higher item costs

and contribute to inflation.
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1.10 Work piece Material

AISI 8620 Steel is a stainless steel with small alloy nickel, chromium, molybdenum case, usually
provided with peak HB 255max hardness as folded situation and provides elevated external
resistance and excellent internal strength, rendering it extremely susceptible to carry. The key
resistance of AISI 8620 steel is greater than that of grades 8615 and 8617.

During hardening procedures, AISI 8620 stainless metal is versatile, allowing enhancement of
case / core characteristics. Pre-hardened and strengthened (uncarburized) 8620 may be further
dried by nitriding, but owing to its low carbon material, it will not react satisfactorily to the
hardening of fire or induction. Steel 8620 is suitable for apps requiring a mixture of wear

resistance and toughness. This grade is usually delivered in round bar [7].

Figure 1.1: Work piece Material of AISI 8620 steel
1.10.1 Properties of Material AISI 8620
» High strength
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High toughness
Good hardenability
Stability against overheating

Complex chemical composition

YV V. V V V

High concentration of alloy elements, such as Cr, Ni and Mo

1.10.2 Application of AISI 8620 Steel

AISI 8620 steel fabric for light to intermediate strained parts and pipes needing elevated layer
wear resistance with decent core strength and effect characteristics is widely used by all business
industries.

Typical apps include: Arbors, Bearings, Bushings, Cam Shafts, Differential Pinions, Guide Pins,
Piston Pins, Gears, Splined Shafts, Ratchets, Sleeves and other apps where a steel can be easily
machined and carburized to regulated situation levels is useful [7].

1.11 Force analysis

1.11.1 Cutting force ( Fc)

This force is in the direction of primary motion. The cutting force constitutes about 70~80 % of
the total force F and is used to calculate the power P required to perform the machining
operation,

P=VFc

Where V=velocity of tool

Fc=cutting force

1.11.2 Thrust force (Ft)

This force is in direction of feed motion in orthogonal cutting. The thrust force is used to
calculate the power of feed motion.

1.11.3 Feed force (Fr)

In the longitudinal path, the axial or feed power operates. Its also called the push power as its in
the tools flow path. The radial or torque power is radial and appears to move the device back
from the workpiece.

1.12 Surface Roughness Measuring Instrument

The Surtronic 3 + is a portable and is suitable for workshop and laboratories use. Accessible
parameters for evaluating the texture of the ground are: Ra, Rg, Rz (DIN), Ry and Sm. The

instruments evaluation parameters and other features are focused on microprocessor. The results
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of the measurement are displaced on an LCD screen and for further results can be output to a
voluntary printer or other computer.

An alkaline non-rechargeable battery usually powers the device. If chosen, it is possible to us a
rechargeable Ni-Cad battery[8][9].

 Surtronic 3+

Figure 1.3: Surface roughness measurement apparatus (Referred from Instrument
Manual)
1.12.1 Display-Transverse Unit
The display-traverse units bottom board holds a control board of the mesh sort and a screen of
liquid crystal. The system contains the electronics for managing the test process, calculating the
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test information and displaying the outcomes, or the RS232 port for use with a printer (when
included) or a laptop for further evaluation.
The system also includes a ride engine that crosses the ground to be evaluated through the

bin.The stroke of measurement always begins from the severe locations outside.
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Figure 1.4: Display Transverse Unit (Referred from Instrument Manual)

The pickup returns to this position prepared for the next measurement at the end of the
measurement. The duration of the crossing is determined by cut-off (Lc) or duration (Ln)
choices. Available Taylor Hobson Surtronic 3 + device has a skid pickup that is used to
automatically move through a ride engine. Thus such transport would involve at approximately
10 mm of range. Therefore, on switched job item, we involve suitable ground transport length.
These dimensions were engaged to keep the stylus traveling on the best surface as the cutting at
the beginning or at the end could be improper. This could also reduce the mistake in estimation
and there is less possibility of measuring the wrong side values.

1.12.2 Pick-Up Mounting Components

The pick-up is fastened to the drive shaft.
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1.12.3 Mounting Bracket
Through a knurled button, this is attached to the drive shaft. Although usually used horizontally,
the pick-up can be switched to angle or remove it from the center line. If the right-angle pick-up

IS in use, it can also be installed sideways on the drive shaft.
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Figure 1.5: Mounting Bracket (Referred from Instrument Manual)
1.12.4 Adjustable Support
This can be clamped at any positions on the slide of the mounting bracket to provide pick-up
height adjustment.
1.12.5 Pick-up Holder
This fits into the crutch of the pick-up support and is held in place by a spring plunger.
1.12.6 Connector
The pick-up ribbon loop is screwed into the pick-up unit and placed into the pick-up shelf unit,
with the result coming out through the holder pocket. Connecting the guide first to the display-
traverse device and then to the pick-up is advisable. The brief pick-up is not needed when using
the expansion cord and the top of the tube itself is placed into the container.
1.12.7 DIP switch settings
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When powering up with a fresh batteries, the standard device configurations are fixed via DIP
buttons inside the display-traverse device. Menu / pushbutton activities can change the choices.
Access to the DIP switches is done by screwing the three feet off the base of the display-traverse
unit, then removing the screws partially covered by the feet.

1.12.8 Pick-up

The pickup is a variable reticence style transducer that is backed on the ground to be evaluated
by a skid, a bent base projected in the area of the stylus from the bottom of the pickup. As the
pickup traverses the floor, the stylus motions compared to the skid are identified and transformed
into a corresponding electrical signal. The skids curvature radius is much larger than the spacing
of roughness. This allows it to run almost uninfluenced by the roughness across the ground and
gives a data depicting the overall ground shape. Even so, it will be necessary to use the pickup
with the shoe in conjunction with the 2.5 mm (0.1 in) cut-off when the waviness is commonly
distributed.

"« Ty, iy , &
Wil

P AN . WM
tl

Skid

Figure 1.6: Pick-up (Referred from Instrument Manual)
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Table 1.1 Surtronic 3+ Specifications (Referred from Instrument Manual)

Battery

Alkalins: Minimum 60U heasurements ot
4mm MMeasurements Lengths.

Mi-Cad: Minirmmn 200 has suramant of 4rmm
Length

Size: 6 LE 61 (USAJapan), Fixed Battery
External Charger (Mi-Cad Onlyv) 1100240V,
50/60 H=

Traversa Unit

Traverse apead: lmm/aac

Wlaasumment

Wlatric/lnch Praset by DIP-awitch

Cut-Uit Values

U.23mm, U.emm, and 2. 3Umm

Traverse Length L33, 10, U2 4+0 2o At U emm Cut-
Off

LHsplay LUCD-Matrix. 2lines * 16 Characters

Kevboard Wembrane awitch Panal Tactila

Filtars Lhgital Lrauss Filters or ZURE Filter [150)
Salactabla By DIPSwritch,

FParamaters Fa Rg. Rz (DIN), Ex and 5m.

Caleulstions Time

Lass Than Kaversal Time Or 2 hae Which
Ever Is The Longer

1.13 Methods of measuring residual stresses in components
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Figure 1.7: Methods of measuring Residual Stress adopting by [9]

RS can be defined as stresses that, in the absence of external forces or thermal gradients, remain
within a material or body after fabrication and material processing. They can also be generated
by service loading, resulting in inhomogeneous deformation of plastic in the portion or sample.
RS can be described either as macro or micro stresses and both can be available at any moment
in an element [10].
1.13.1 Causes of residual stresses
During most manufacturing procedures, RS are produced requiring plastic deformation, thermal
therapy, machining or handling activities that convert the form or alter materials characteristics.
They come from a variety of causes and may be available in the unprocessed raw material,
produced during manufacturing or result from in-service loading [10].
It is classified the origin of RS in the following way:

» differential plastic flow;

» differential cooling rates;

» bulk change phase etc
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CHAPTER 2
LITERATURE REVIEW

2.1 Influence the Input process parameter of CNC Turning through Response Surface
Methodology

The Literature Review of the project in the form of Paragraph consists of the selection of the
material of work piece and different research work added in the area of interest of topic of this
project.

Vijay Kumar et al. [11] preferred working on EN19 stainless steel for turning through using
carbide tool. The author selected FR, CS, lubricant and DOC as the initial input parameters while
SR and MRR were expected to be the output parameters. Tagauchi’s L18 mixed type OA
experimental design is chosen for identification and finally ANOVA is applied for validity of
process parameters on response variable.

E. Garcia Plaza et al. [12] implemented CNC turning operation through online platform for
mitigation of inspection time and reduction of cost, cutting force signals were transmitted based
on wavelet packet transform (WPT) which is further classified as G-WPT, E-WPT, SE-WPT. In
the process G-WPT was responsible for the calculation meant for cutting force analysis, whereas
E-WPT and SE-WPT is responsible for the reduction of signal processing time.

Rajesh Kumar et al. [13] used high carbon high chromium steel (HCHCr) material and
performed CNC turning operation taking the inputs for analysis as CS, DOC and FR , while the
output parameters selected for the optimization purpose are the Surface Roughness maintained
after turning and the rate of material removal during turning operation using the Tagauchi
Technique. The tools handled for the turning operation are the carbide inserts. Optimization is
achieved using the regression and the variance analysis and finally L9 orthogonal array was
used.

B C Routara et al. [14] investigated EN-8 steel for turning on CNC, in order to calculate the
surface roughness under optimum cutting variables. RSM was preferred for analysis of surface
roughness prediction by developing second order mathematical model. The model was examined
and consulted using F test and ensured analysis was performed using ANOVA. Cutting
parameters was essentially analysed using Genetic Algorithm.

N. Satheesh et al. [15] worked on Carbon Alloy Steel through CNC turning in order to

understand the effect of FR and CS on the SR. Author chose five different categories of carbon
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alloy steels namely SAE8620, EN8, EN24, EN19 and EN47. Results reveal that SR is directly
dependent on the FR whereas it shows a reverse relationship with the cutting speed.

M. Nataraj et al. [16] developed a composite consisting of alumina(Al.Oz) and molybdenum
disulphide (MoS>) reinforcement with aluminum alloy LM6 which is turned further and then the
information is supplemented to Design of Experiment for analyzing, which is perhaps linked
with Response Surface Method. Experimentation was done taking inputs such as CS, FR and
DOC while the output parameters considered for the purpose are Specific cutting pressure (SCP)
and SR (Ra).

K. Venkatesan et al. [17] worked with Inconel 617 alloy by turning using MQL for the
investigation of machinability using the CNC turning via special carbide insert tool. Both RSM
and L9 orthogonal array was preferred for the optimisation purpose. Results implied the
dependency of Cutting velocity and force upon the SR and tool wear. Other keen observation
regarding the research is that as the lubricant quality was lowered and tool friction was increased,
there was a sharp rise in curl diameter.

Roopa Tulasi et al. [18] worked on EN24 steel for gathering information on Surface Roughness
which is affected through various parameters such as CS, FR, DOC, Nose Radius and Rake
angle. Experimentation was carried out on conventional lathe and method adopted for
optimization was Tagauchi’s approach. The cutting parameters considered for the process are
likely to be at 400 rpm cutting velocity, feed is maintained at 0.25mm/rev and finally DOC is
maintained close to 0.5 mm

C.L. He et al. [19] tried developing a model for checking surface roughness through turning.
Surface Roughness is primarily studied through analytics via modeling part and then practically
considered through 1SO standards, thereby finally the modeling factors are categorised into easy
and difficult ones. The author finally discussed about the advantages and disadvantages of the
modeling and also mentioned about the future scope of the current work.

D. Palanisamy et al. [20] initiated the process by working on PH stainless steel using the grey
fuzzy approach which is occupying the power of sustaining mixed profits of both fuzzy logic
approach as well as grey system. Taguchi analysis including the L27 OA is implemented for the
purpose of designing and performing of experiment. CS, FR and DOC is provided as the initial
incoming parameter whereas SR and power consumption is used as the output responses.

Taguchi method tried to frame coordination between input variable and output responses using
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grey system approach.

Surendra et al. [21] performed the CNC turning operation on Aluminium alloy 8011 using L27
Taguchi OA for performing of experiment in which the inputs like CS, FR and DOC were
adjusted while the output parameters for the experiment was SR and MRR. For the valid
experimentation, Taguchi fuzzy application was chosen for the optimisation. Results
manifested that feed remained the dominant factor besides DOC and finally comes the speed of
operation.

Korimilli et al.[22] worked on Aluminium 7075 alloy for the purpose of determining the
surface performance and stress induced once it is turned on CNC by varying inputs such as CS
and DOC and calculating RS and micro hardness at different circumferential points of the
specimen using Digital Vickers Micro-hardness tester. Residual stress is calculated using X-
Ray diffraction method. Results calculated helps in identifying the service life.

Sudhansu et al. [23] worked on AISI 4340 steel using CVD for the purpose of investigating
various factors including chip morphology, flank wear and surface roughness by application of
L9 OA for developing the design platform with 3 levels of inputs selected namely the CS, FR
and DOC. Results displayed that CS and FR of operations played dominant role in manipulating
the SR and flank wear. Experimentations were carried forward using Scanning electron
microscope for invigilating chip structuring. MRA was used for optimisation purposes of the
mathematical model prepared. Gilberth approach is used cost compatibility of the experiment.
D. Palanisamy et al. [24] worked on peak age PH stainless steel by considering various process
parameters such as CS, FR and nose radius and responses as an output considered are cutting
force, SR and micro-hardness for the purpose of acquiring knowledge regarding machinability
performance. Results manifested that hardness saw a substantial hike for the initial height of
specimen then a fine drop at the sub surface, finally it settled for the base metal hardness.
Conclusions that can be drawn out of the experiment is with higher nose radius and cutting
speeds and with lower feed rates, surface finish can be developed significantly.

P. Bhanu Prakash et al. [25] worked on AlSi7Mg with an objective of determining optimisation
methods while performing CNC turning operation and using Taguchi’s design of experiment
and L27 OA for performing the optimisation operations. The input parameters or process
parameters considered are CS, FR and DOC while the responses generated are material removal

rate and surface roughness. Two essential techniques considered for study are Taguchi’s S/N
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ratio for generating relationship between the various independent process parameters while the
grey relational analysis is used for extracting optimisation characteristics.

R.K. Bharilya et al. [26] turned Carburised Mild Steel, aluminium alloys and brass using CNC
and then the force analysis is performed using the cutting force dynamometer. For the
experimentation purpose, force dynamometer is implemented to achieve a drop in cutting force
and enhance cutting speed wherein the objective stands to accomplish finer surface finish.
Author in this context took CS, FR and DOC as the input parameter while responses mentioned
are SF and uniformity of the specimen.

G. Kartheek et al. [27] worked on Inconel 718 with tool inserts usually made up of cemented
carbide namely TiCN-Al>0Oz coated cemented carbide inserts with the objective of mitigating
residual stresses, improving surface finish and optimising material removal rate. Author has
implemented L9 orthogonal array along with grey relational theory which empowers optimum
parameters for improving surface finish and developing lower residual stresses. Grey
Relational analysis is best suitable as optimization tool.

Vallabh D. Patel et al. [28] analysed AlISI D2 steel which is operated on hard turning using the
CBN tool for the purpose of Surface Roughness. Specimens were tested on variable CS, FR and
nose radius while the DOC is maintained same throughout. Results manifested that there was a
simultaneous dependency in various parameters. Feed of cut played the major role in maintaining
SR in companionship with the CS and tool nose radius.

Asit Kumar Parida et al. [29] worked on Monel-400 by heating it up using oxygen and LPG
before turning operation, machining parameters such as CS, FR, DOC and temperature are taken
as the inputs while surface roughness and flank wear are taken down as the output variables for
performing RSM operations via central composite design, ANOVA is implemented for the
purpose of shear analysis. Eventually after obtaining the regression equation, the model is
conceived to be satisfactory with minor errors arising between the experimental and simulated
results.

Aimin Yang et al. [30] investigated Titanium alloy TC11 through finish turning. The input
parameters under consideration were CS, DOC and FR while the response parameter maintained
was SR. The author suggested using RSM for mathematical modeling to develop regression

equations among various parameters and the responses; finally ANOVA was adopted for
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precision checking. Results manifested that desired MRR can be achieved at the optimum
condition derived from the experimentation without compromising the surface finish.

K. Manikanda et al. [31] worked on EN31 steel by performing the turning operations, author
choose to optimize the experimentation through the Taguchi and RSM. The input variable
selected for the process is CS, DOC and FR whereas SR and Material Removal Rates are
maintained as the output response. Results manifested that cutting speed had a major role to
deliver in SR while FR and DOC is responsible to handle MRR more diligently. Since the error
quoted in the entire experimentation is less than 6% which implies that model clears the
feasibility test.

Lianjie Ma et al. [32] studied the impact of turning Ceramics which is brittle in nature and thus
cultivates pits while machining. The study concentrates on statistical analysis of stress generation
and energy requirements during fracture and chips formations. Author took into consideration
Fluorophlogopite while turning on CNC lathe with PCD tool. Results manifested that as the CS
and DOC were raised, ductile shearing turned into brittle fracturing. It also declared that turning
force and surface structure played a vital role in material removal. At the transition point, huge
amount of force needs to be dedicated for material removal.

S.P. Leo et al. [33] worked on C360 Copper alloy for the puopose of turning through Tungusten
Carbide inserts. The input parameters selected are CS, FR and DOC while the output responses
taken were SR and material removal rates. The author chose to work on Taguchi L27 OA for the
optimisation purpose while working pins were structured using micromachining. Results
manifested that Lower range of process variables holds responsible for maintaining good surface
finish while upper range holds responsibility of generating higher MRR.

Aezhisai Vallavi et al. [34] worked on Metal matrix composites by investigating the factors
responsible for impacting cutting force and SF. Author chose to have CS, DOC, FR and silicon
carbide percentage as their process parameters. RSM is deployed for developing the
mathematical model while analysis of variance is applied for verifying the experimentation.

Eva M. Rubio et al. [35] worked on Titanium Alloy bars Ti6Al4V which are prepared by
turning using inputs as DOC, FR, CS, type of cooling system, type of tool and the measurement
location. DOE is adopted for working with full factorial design so as to visualise all possible

variations with surface roughness. Results manifested that feed rate, spindle speed and
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measurement location plays keen role in determining the surface roughness while factors like
type of cooling system and the tool type are negligently favourable to the process.

H. Joardar et al. [36] worked on Aluminium Metal Matrix composites with TiB2 as the
reinforcement used. Mathematical modelling was executed using the RSM with the initial input
parameters as CS, DOC and FR while SR is kept as the response. ANOVA verifies the
applicability for the model as the error margin was maintained quite negligible. Results
manifested that CS followed by FR played significant role in influencing SR. Conclusion that
came out quite clearly was surface roughness can be improved by mitigating feed rates while
upgrading the cutting speeds and depth of cut.

C.L. He et al. [37] worked on investigating surface roughness of turned specimens through
influencing factors and by modeling methods. Modeling processes are divided under two
categories namely theoretical and emperical solutions. Finally the various factors are further
classified as ‘easy’ or ‘difficult’. Eventually the discussion is laid down to pros and cons of the
theoretical model.

Ashwin J. Makadia et al. [38] worked on AISI 410 steel by indulging various input process
parameters like FR, tool nose radius, CS using DOE. RSM is adopted for the purpose of
mathematical modeling and gaining the perspective of influencing factors driving the surface
roughness. In fact, Response surface contours are also generated for determining the optimum
conditions. Results manifested that feed rate followed by tool nose radius manipulates the SR of
specimens. ANOVA was considered for feasibility which showed that error was found less than
6%.

Mite Tomov et al. [39] worked on 42CrMo (EN) for the purpose of analysing the roughness
during longitudinal turning. Author considered two kinds of Roughness in the context namely
Rdistorting and Rkinem-geomet. The surface roughness is achieved because of various factors
namely the feed, the nose radius and various other angles. Observations were made using various
modes i.e firstly the visual comparison, secondly the material ratio curves and finally the
histograms.

Suleyman Neseli et al. [40] worked on AISI 1040 steel by performing turning operation in order
to check the effects of tool geometry on SR. RSM is adopted for the purpose of mathematical

modelling and eventually surface roughness model was constructed. Results manifested close
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proxomity in Predicted and Measured values of surface roughness. Error detected comes under
the range of 5%, thus the feasibility issue stands sorted.

A. K. Parida et al. [41] worked on GFRP composite by drilling in order to determine the surface
roughness. Mathematical modelling is achieved using Tagauchi’s L27 orthogonal array and the
inputs used for the experimentation are CS, FR, diameter of drill. ANOVA is taken into
consideration for validating the results which displays that spindle speed is primarily influencing
factor followed by diameter of drill and then the feed comes into action which is rather
insignificant for the surface finish. RSM is used to develop second order mathematical model
which is further verified using the F-Test and then by the ANOVA.

C.L. He et al. [42] laid emphasis on surface roughness model which considers the input
parameters as kinematics, plastic side flow and material spring back in diamond turning. Author
tried to manage the material spring back through yield stress and minimum undeformed chip
thickness, similarly plastic side flow is managed using minimum chip thickness, tool nose radius.
Coarse grains ensure larger and stronger particles in the fixture. Results manifested that at a
larger feed rates, it’s observed that pit defects are visible and deep grooves are formed on the SF,
while at lesser feed rates it’s observed that hard particles tends to bulge out.

C. R. Prakash et al. [43] worked on metal matrix composites (MMC’s) by turning operation
using reinforcement of Silicon Carbide. The following composite is generally useful in
automobile, aviation and marine application for its strength to weight ratio. Turning process is
performed to achieve the specimen desired specification and desired surface roughness. Results
were calculated and conclusions were drawn out.

Ramanuj Kumar et al. [44] worked on AISI D2 grade tool steel using carbide tool inserts where
the primary focus of the author is to gather information on flank wear, average SR and chip tool
interfacing temperature. RSM and ANN models are implemented for the purpose of
mathematical modeling and forecasting. Results manifested that ANN predicted better results for
flank wear generation while RSM models are superior for SF and chip tool interface temperature.
S. Xavierarockiaraj et al. [45] worked on SKD 11 tool steel which is turned using special
technology named as laser assisted turning. The input parameter chosen for the purpose is
surface temperature. RSM is adopted for mathematical modelling while full factorial design is
taken into account. Various input parameters which were suitable in the study are laser power,

CS and FR. Results manifested that laser power carries maximum influence over the surface
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temperature followed by CS and finally the FR. Response surface contours are plotted for start
optimisation while ANOVA is used to validate the reliability of the experimentation.

Ashish Kumar Srivastava et. al. [46] worked on metal matrix composite using wire electric
discharge turning along with abrasive waterjet turning for a particular set of rotational speed.
Author mentioned that various forms of comparison modes were adopted for calculation of
Surface Roughness i.e. by optical profilometry, Laser confocal microscope and finally the FE-
SEM analysis. Residual Stress measurement is also processed using the XRD machines for the
analysis. Results manifested that microhardness is dropped while the tensile residual stress were
generated while in abrasive water jet machining a slight variation is seen in microhardness and
compressive stresses were generated.

Rogério Pontes Araujo [47] focussed on cooling fluids using VCRS which is present in the liquid
state. The author wish to chose this method over others due to several reasons some of which are
due to its relatively lower cost in comparison to cryogenic systems, similarly convective
coefficient of fluid carries higher values in comparison to compressed air, thus making the
system more worthwhile. The specimen taken for the experimentation is SAE 1045 steel for
turning operation on CNC. The cutting fluid used is primarily for maintaining the temperature
constant. Results were evaluated by considering temperature generation, surface roughness
maintained and finally the tool wear which is analysed using Scanning Electron Microscopy.

C. Moganapriya et. al. [48] worked on AISI 1015 mild steel with initial inputs as FR, CS and the
coating material while the output responses maintained are MRR and SR using a titanium tool
for turning operation. Author selected Tagauchi technique which is also referred as L9
Orthogonal Array Tagauchi Optimisation. Observations manifested that coating material has a
major role in deciding the quality of output parameters. The experimentation is also useful in
correlating MRR and surface roughness.

Supriya Sahu et. al. [49] worked on AISI 4340 steel by turning it using coated tool with
multilayered TiN. The inputs considered for the operations are CS, FR and DOC while the
response used for the experimentation is Surface Roughness. Optimisation is done using the
Tagauchi method which is SEM is used for the purpose of understanding the surface texture and
to evaluate the tool wear. Results manifested that coated tools can help in improving the surface

finish for hard metals while operating at incremental speeds and smaller feeds.
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Murat Sarikaya et. al. [50] investigated the impact of parameters such as cooling conditions, CS,
FR and DOC on various output parameters related to SR like Average SR and the mean highest
height of the profile. Author selected AISI 1050 steel for performing the operation where the
conditions are varied such as dry cutting, conventional wet cutting. Analysis was performed
using L16 orthogonal array and ANOVA was performed for analysis of feasibility of the existing
mathematical model. Results were also verified using 3D surface generation, S/N ratio and
finally by graphs corresponding to means.

IIhan Asilturk et al. [51] worked on AISI 4140 by considering the initial inputs as CS, FR and
DOC. The output responses generated are SR with its two varients. Optimization is carried out
using Tagauchi method using the L9 orthogonal array. Feasibility is verified using ANOVA
along with SNR is also brought to action. Finally the impact of the two factor collaboration is
done i.e. is with CS and FR and the other one being DOC.

Messias Borges et al. [52] worked on SAE 52100 hardened steel for the purpose of turning by
considering firstly the number of radials units, secondly method for selection of radial centres
and finally method for considering the spread factor of the function. The output responses
considered in the process is Roughness Average. ANN was opted for the judgement of SR quite
accurately. Finally it can be marked out that design of experiment proves out to be better in terms
of approach for running RBF networks.

Ilhan Asilturk et al. [53] worked on an alloy C028Cr6Mo which is specifically used in the
hospitals. Specimens were turned on CNC lathes while keeping the input parameters as CS, FR,
DOC and finally the tool tip radius. The output response considered for the process is Surface
Roughness with its two varients being Ra, Rz. For the purpose of developing the model RSM
was used which is based on Tagauchi Orthogonal array test. Finally ANOVA is adopted for
feasibility of model. Finally optimum parametes were noted and concluded.

Ilhan Asilturk et al. [54] worked on AISI 304 alloy specimens by using tools of coated carbide
inserts under non-wet conditions. The input parameters taken are CS, DOC and FR which is
inserted in the Tagauchi’s model. The output response taken for the study is the surface
roughness. Eventually RSM is also chosen for constructing the model between the input
parameters and the responses. Finally the feasibility is checked using ANOVA for the developed

model. Results manifested that the most influencing factor amongst all the considered ones will
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be feed rate on the SR. The obtained results also demonstrated the error percentage to be quite
insignificant.

Sanchit Kumar Khare et al. [55] worked on AISI 4340 steel by turning it through cryogenic
technologies. The various input parameters considered during studies were CS, DOC, FR and the
rake angle while the output response parameters nominated was the SR. Author adopted various
optimisation techniques including the L9 OA, the signal to noise ratio (S/N) and finally the
Qualitek-4 were used . Results manifested that CS and DOC were the most prominent factor to
contribute towards the SR. To conclude the experiment, author preferred to use Confirmation
Experiment, in order to compare the results from the predicted ones to the actual database.

L. C. Moreira et al. [56] developed a model based on Artificial Intelligence which is basically a
smart invigilation controller that can regulate the process parameters in real time in order to
target the required surface quality on specimens. Controller is designed in such a way that
surface roughness is optimised while marking the variation in the input parameter appropriately.
Finally the results manifested improved surface finish being achieved using the above algorithm.
Sujan Debnath et al. [57] worked on mild steel for the purpose of CNC turning using titanium
carbide tool. The inputs kept for investigation are CS, FR, DOC and the cutting fluid used for the
process. The output response parameters are set out to be surface finish and tool wearing rate.
Author choose to pick tagauchi orthogonal array for the purpose of optimisation. Results
depicted that feed rate and cutting fluid flow rate have a influential role to play in the SR. While
the CS and DOC variation doesn’t reflect dominancy for the surface finish achieved. Optimised
results can be derived if the CS is maintained high while FR and flow rate of cutting fluid should
be maintained low.

Anupam Agrawal et al. [58] worked on AISI 4340 steel workpiece using the CBN inserts by
preparing various specimens and installed in the CNC lathe setup for performing the experiment.
The entire experiment is performed in non-wet conditions while the roughness is measured using
the Form Talysurf. For the purpose of optimisation various models are suggested such as the
multiple; random and finally the Quantile regression. The input parameter under consideration is
FR, DOC and the CS while the output response maintained is SR for which a model is developed
to monitor the correlation between them. Results manifested that random regression analysis had

dominancy over the others.
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Abbas Razavykia et al. [59] developed particulate metal matrix composites (PMMC) consisting
of Aluminium, Magnesium and Silicon. The inputs considered for the experiment are CS, FR
and the amount of Strontium addition to the composite while the output responses are maintained
to be surface roughness. DOE is selected as the preferred methodology for optimisation while the
feasibility is judged using the ANOVA analysis. Results manifested that due to the addition of
Strontium particle there was significant variation in size, shape and distribution of Mg2Si
particles. Reliability achieved is also quite satisfactory upto 95% which is known through the
conformational test.
Harsh Y Valera et al. [60] worked on EN-31 alloy steel for the purpose of turning. The input
parameters selected for the operations are CS, FR and DOC while the response maintained are
SF quality and power consumption. For performing the experiment the author wish to keep 1
parameter to five different variations while keeping the other two parameters constant. Thus 15
specimens were taken and optimum condition is realised.
2.2 Research Gap

On the basis of literature survey the following research gap have been identified

» The experimental analysis on AlISI 8620 has not been explored in the literature.

» The surface characteristics of AISI 8620 have not been explored in the literature.

» The Residual stress in metal of AISI 8620 has not been investigated in the literature.

» The machinability in CNC turning has not been investigated.

» Chip tool interface temperature during machining has not been studied thoroughly.
2.3 Research Objective
On the basis of detailed study of research survey the following research objective have been
drawn

» To prepare the CCD Design matrix including the input factors i.e. CS, FR and DOC.

» To perform the experiment on CNC machine by varying the different input factors i.e.

CS, FR and DOC.
» To study the effect of process parameter such as CS, FR and DOC on the surface
roughness and residual stress during CNC turning of the AISI 8620 steel metal.

» Statistical analysis of process parameters in CNC turning.
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CHAPTER 3

RESEARCH METHODLOGY

3.1 CNC Turning

Machining is basically the extraction from the fabric workpiece, mostly metal, using one or more
cutting tools to obtain the required sizes. There are different machining processes, such as
rotating, friction, squeezing, etc. In all these cases, metal is removed by a shearing process due to
the relative motion between the workpiece and the tool. In general, one of the two rotates at a
defined and generally quick speed. The other moves through the workpiece relatively softly to
affect metal removal. Processing velocity, demand and decreasing duration are important
parameters. The previous image shows the conversion methods important geometry. The CS, a
study of the cut portions surface velocity relative to the tool. Speed is a tool that can be defined
in meters / min for translational motion velocity. The variety of slicing, DOC is the water
plunging the machine into the floor. Feed explains the cutting tools relative lateral movement to
the workpiece. The feed thus determines, as the case may be, the cross-section of the material
removed for each rotation of the work or tool, cutting depth. Figure 3.1 shown the turning

operations in following below.

Figure 3.1: Turning Operations adopted by [61]
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The automatic command of a machine tool based on a set of pre-programmed machining and
movement rules is acknowledged as numerical control, or NC. In a typical NC scheme called a
component program, the movement and machining directions and the associated numerical data
were published on a punched tape. The part program is structured in the shape of data sections,
each connected to a specific procedure, in a series of activities required to create a mechanical
component. One portion of the punched tape was uploaded at a time.
Each segment supplied information in a particular syntax required to handle a particular
machining instruction such as part length, CS, availability, extra characteristics associated with
coolant stream, spindle speed, part clamping are also provided. Punched tapes are now mainly
obsolete and are replaced by magnetic disks and optical drives.
CNC instrument tools, present versions of NC computers have an integrated scheme that
involves various microprocessors and related equipment such as the MCU. In CNC, multiple
microprocessors and programmable logic controllers work in combination for simultaneous
servo place and velocity monitoring of different components of a contour milling device as well
as monitoring the drafting technique and machine tool.
3.1.1 Advantages of CNC Machine
The Advantages of the CNC Machine are following below:

» Improved performance

> Improved quality

» Reduced volume of landfill

> Reliable and secure operation

>

Smaller footprint
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3.1.2 Limitations of CNC Machine
Limitations of CNC Machine are following below:
> Relatively higher cost compared to manual versions
» More complicated service due to the difficulty of the methods
» Skilled programmers of components are needed.
3.1.3 Classification of CNC Machine
It is possible to classify CNC machine instrument devices in different respects:
1. Point-to-point or contouring: based on whether metal is cut off by the device while the
workpiece passes close to instrument
2. Incremental or complete: the parameterization of movement instructions depends on the sort
of coordinate system taken.
3. Open loop or closed loop: based on the control system used to power the movement of the
object.
3.1.4 G & M Codes
G Codes
G00 - Rapid move (not cutting)
GO01 - Linear move
G02 - Clockwise circular motion
03 - Counter clockwise circular motion
G04 — Dwell
(05 - Pause (for operator intervention)
GO08 — Acceleration
09 - Deceleration
G17 - x-v plane for circular mterpolation
G18 - z-x plane for circular interpolation
(G19 - y-z plane for circular mterpolation
(G20 - turning cycle or inch data specification
(G21 - thread cutting cycle or metric data specification
(G24 - face turning cvcle

(G25 - wait for input to go low
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G26 - wait for input to go high

G28 - return to reference point

G29 - return from reference poinf

G31 - Stop on input

(G33-35 - thread cutting functions

G35 - wait for input to go low

(36 - wait for input to go high

G40 - cutter compensation cancel

G41 - cutter compensation to the left
G42 - cutter compensation to the right
G43 - tool length compensation, positive
G44 - tool length compensation, negative
G20 - absolute dimension program

G921 - incremental dimensions

GO2 - Spindle speed Limat
[393 - Coordinate system setting

G94 - Feed rate in ipm

G95 - Feed rate in ipg

G96 - Surface cutting speed

G97 - Rotational speed rpm

G938 - withdraw the tool to the starting point or feed per minute

G99 - withdraw the tool to a safe plane or feed per revolution
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M Codes
MO0 - program stop

MO1 - optional stop using stop button

MO0O2 - end of program

MO3 - spindle on CW

MO4 - spindle on CCW

MO5 - spindle off

MO6 - tool change

MUO7 - flood with coolant

MO - mist with coolant

MOS - turn on accessory (e.g. AC power outlet)
M09 - coolant off

M09 - turn off accessory

M10 - turn on accessory

M11 - turn off accessory or tool change
W17 - subroutine end

M20 - tatlstock back

W20 - Chain to next program

M21 - tailstock forward

W22 - Write current position to data file
M25 - open chuck

M26 - close chuck

M30 - end of tape (rewind)
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3.1.5 Main Parts of CNC Machine

Important parts of CNC are described in the following below Table 3.1 and shown in following
given below Figure 3.2.

Table 3.1: Main Parts of CNC Machine

5. Main Parts of CNC Lathe
No. Machine
1 Headstock

CNC Lathe Bed
Chuck

2

3

4 Tailstock
5 Tailstock Quill
6

7

g

Foot Switch or Foot Pedals
CNC Control Panel

Tool Turret

>-Tailstock Quill

Chuck 4-Tailstock
3-C C
7-CNC Control Pane

8.Tool Turret

l-Headstock

6-Foot Switches or Pedals

Figure 3.2: CNC Lathe adopted by [62]
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3.2 Surface Roughness

SR is a surface texture component that is often lowered to roughness. It is quantified by the
deviations in the route of the ordinary matrix of a real surface from its ideal form. When these
deviations are large, the texture is rough; if they are small, the texture is smooth. Roughness is
typically considered in surface metrology as the component of a loaded soil which is high-
frequency, short-wavelength. In practice, however, it is often necessary to know both the
amplitude and the frequency to ensure that a surface is fit for a purpose. There are many different
parameters of roughness in use, but it is by far the most common, although this is often due to
historical reasons and not particular valuation Ra, as the ancient roughness meters could only be
evaluated. Other common parameters include Rq, Rt, and Rz. Only in some industries or in some
countries are some parameters used.

Surface finish is the shape of a soil, also known as surface texture or topography. It involves the
small local deviations of a surface from the ideal (a real plane) totally fluid. Surface roughness is
a surface texture component that is often lowered to roughness. It is quantified by the deviations
in the route of the ordinary matrix of a real surface from its ideal form. When these deviations
are large, the fabric is rough; if they are small, the fabric is smooth. Waviness is the metric of the
bigger spaced component of the surface texture.

It is a broader roughness view because it is more strictly defined as the artifacts whose spacing is
greater than the roughness inspection length set is the direction of the floor system generally
determined by the manufacturing method.

Flaw ———

Waiviness
Rougness height

Roughness width a-I ‘« | r

Roughness-width cutoff

Figure 3.3: Surface Characteristics adopted by [63]
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3.2.1 Methods to calculate Roughness

3.2.1.1 Root Means Square roughness (Ra or RMS)

> Closely linked to the median roughness (Ra)

> Square the lengths, count them, and determine the count base of the consequence

> The subsequent valuation is a ground fabric comparative coefficient that is generally 11%
greater than the Ra score.

3.2.1.2 Maximum Peak to Valley Roughness (Rmax or Rt)

> Determine the difference between the lines contacting the highest outer and center
boundary of the profile

> Second most prevalent industry method

3.2.1.3 Ten Point Height (Rz)

Means the range within the recording duration between the five highs and five lowest villages.
3.2.2 Taylor Hobson Talysurf

A skid or shoe sliced across the workpiece coating to match the grounds general contours as
tightly as needed. The skid also provides the stylus A stylus datum that runs over the floor along
with the skid, so its motion is vertically near to the skid. This variable enables the stylus to track
contours of surface roughness irrespective of surface waviness. An amplifier to magnify the

stylus A monitoring machines movements to produce a hint or record of the floor picture.

Hinge J

L —
) L=

Stylus

Surface Being Measured

Figure 3.4: Surface Roughness measurement adopted by [64]
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A stylus is linked to an armature spinning around the middle of a stamping portion shaped E. The
outer feet of the e-shaped stamping are injured by electrical coils. A predetermined cost of
rotating present (current excitation) is given to the coils. The coils are part of a bridge loop. A
skid or shoe provides information for mapping the grounds roughness. An electric motor can
cross a linear path through the experiment bar. The armature is also pressed due to surface
defects as the stylus moves up and down. This generates variation in the air divide and generates
an imbalance in the connection circuit. The bridge loops subsequent output consists only of
compression.

3.2.3 Analysis of Surface Traces

3.2.3.1 Centre Line Average (Ra) Value

Ra is the roughness parameter that is widely acknowledged. Roughness median Ra is the
arithmetic average of the standard numbers of the ordinates of roughness analysis.

» Roughness Average, Ra, is the arithmetic average of absolute height of the profile over
the duration of the evaluation.

» RMS Roughness, Rq, is the root mean square average of the profile heights over the
evaluation Length

» Maximum heights within the sampling length, Rti, the vertical distance between the
highest and lowest profile points within the sampling length.

» Average Maximum Profile Height, Rz, is calculated on average over the length of
evaluation of successive Rti values. This parameter is the same as Rz (DIN) if there are
five sampling times within the duration of the evaluation.

3.3 X-RAY Diffraction

Using the portable phones p-X360, the residual tensions are assessed up to 30um elevations by
assessing the fabrics inter-atomic spacing. X-rays have the same wavelength order as inter planar
ranges of material. When X-rays strike the material surface it gets scattered to form a diffracted
beam constructive to destructive interference. The device also tests the angle of peak interference
with diffraction. To measure inter-planar distances (d0), the angles measured from interferences
are used. The existence of residual stress in the sample alters the d spacing that can be assessed
using the law of bragg. The distinction in d-spacing is immediately equal to the strain that can be

used to calculate residual stress.
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Incident X-rays Diffracted X-rays

2d sin®

Constructive interference when
nA=2d sin®
Bragg's Law

Figure 3.5: Schematic diagram of X-Ray diffraction adopted by [65]

3.3.1 Cos a Method

The standard Sin2y case method with a point sensor (diffract meter) requires a series of
measurements with separate sample orientations with respect to the diffract meter to accomplish
the projection of the strain tensor along the different separate scattering vector orientations, and
these instructions are chosen to simplify subsequent assessment.

Since each object in the Debye loop arises from a distinct angle of the resulting matrix for a
specified test profile in studio locations, the entire Debye loop can be used in a separate test
when using a 2D sensor and a range of propagation matrix orientations are simultaneously tested.
Because of its convenience of use, the use of mobile residual stress analyzers has now risen. The
coso. technique has emerged as a quicker and simpler technique of experimentally assessing
remaining stress by using mobile equipment because of its capacity to detect a whole Debye loop
at once from the two-dimensional sensor, thus needing no various test tilts as in the event of

Sin2y technique.

3.3.2 Portable X-Ray Device to Measure Residual Stress by using Cos o. method
A portable industrial company from Pulstec. Ltd. Remaining stress analyzer (u-X360) mounted
on a strong board is used to evaluate the residual stress after Turning of AISI 8620 steel

specimen. After swinging along the tube shaft, different marks on the Turning specimens are
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labeled throughout the length of the sample. The detector gun of the stress analyzer is inclined to
obtain accurate results for the ferrous metal at an angle of 35 °.
The sample is put on the operating panel allowing the layer to be evaluated for residual stress

creating a red laser place on the mark where the X-ray beam is to be performed.

Table 3.2: Specifications of the X-ray machine (u-X360) adopted from lab manual

0KV, 1.0 mA
X-ray Tube Voltage. Current

Chromium (Cr)
Target Material

Beam Wavelength (Energy) 1=2.29 A(E=54KeV)

1 mm and 2 mun diameter
Collimator and Beam Spot Size

35-40 mm
Sample to Detector Distance Approx.

Typical Data Acquisition + Readout Time | 90 seconds
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3.3.3 Principle of residual stress by the Cos o method

The complete Debye-Sherrer circle is acquired by this technique. A Debye-Scherre loop is
acquired using an picture panel (IP) and the picture information as tested to determine the stress
significance. Due to the 2D planar geometry of the test, the conversion of the test scheme
(diffractometer scheme) into the sample scheme is actually more complicated. Figure 3.6 shown

the geometric representation of the angles on the Debye ring.

Incident angle

Diffracted fact\:g\\‘ 28 Sample
R

Figure 3.6: Geometric representation of the angles a, ¥, 1 and 20 on the Debye ring
adopted by [10]

The expression for the translation of strain,

€qa = NiNj &jj

Where n is the diffraction vector, which can be expressed in the form
cosn siny, + sinn cos, cosa

n = |cosnsiniy,sind, + sinn cos Y, siny, cos a + sinncosd, sina
cosn cos, — sinn siny, cosa

Now this value of n can be inserted into Hooke’s law to form

1+v v
Eq — Tn.injfij _Egkk

The magnitude of strain is determined from the detected position of the Debye-Scherrer ring.

Calculate using the following formula.
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a1 = %{ ( €a — En+a’) + (E—a - E:Ir—cr)}

€az = % {(‘ga - E}r+a) - (E—a - £ﬁ—a)}

Hence the value of stress is calculated from the strain using proper elastic and other constants.

J,, —

E 1 1 (asal)
1+wv 'sin2n 'sin2y,’

d cos a
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CHAPTER 4

EXPERIMENTAL METHOD

4.1 Design of Experiment (DOE)
Several CNC Turning research has demonstrated that machining parameters such as Speed, Feed,
and Depth of Cut etc. have a important impact on manufactured materials mechanical
characteristics. To study the impact of individual factors, one can simply choose traditional
experiment design technique in which one parameter varies at a time and the others remain the
same. This method needs multiple laboratory cycles and takes time. Furthermore, in this method,
interaction effects of system parameters are ignored.

The purpose of the experimentation is to see the effects of input parameters and to
generate mathematical models to describe the relationship among various parameters.

For achieving above objectives, following are the steps were carried out:

1. Identification of essential process control factors
2. Deciding the working scope of the procedure control factors, viz. Speed, Feed and
Depth of Cut

Developing the design matrix
Conducting the examinations according to the design matrix

Recording the reactions viz. Surface Roughness, Residual Stress

3

4

5

6. Developing the numerical models

7 Checking the adequacy of the models

8 Finding the significance of coefficient

9 Developing the final proposed models

10.  Plotting of diagrams and drawing conclusion

11.  Discussion of the outcomes
4.1.1 Identification of numerous process control factors
Based on the effect on CNC turning machining, ease of design and desire-level maintenance
ability, three independently controllable system parameters were identified as particular, cutting
speed, feed and cutting depth. For this examination, CNC turning geometry parameters were
Surface ruggedness and residual stress.

4.1.2 Deciding the range of the process factors
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Preliminary flows were resulted by simultaneously differentiating one of the system parameters
while maintaining the steady significance of whatever survives. By inspecting the geometry of
the Turning process for a smooth appearance and the non-appearance of obvious deformities, the
working range was fixed.

The upper and lower limits were individually coded as+ 1 and -1. From the situation, where, Xi
is the necessary specified estimate of a variable X, when X is any estimate of the variable from
Xmin to Xmax; Xmax and Xmin are the most severe and lowest of the variables.They chose
procedure parameters and their upper and lower restrains together with documentations and units
are given in Table 4.1.

Table 4.1: Process control parameters and their breaking points

S.NO. Parameters Units Notations -1 0 +1
1. Speed m/min A 80 120 160
2. Feed mm/rev B 0.03 0.05 0.07
3. Depth of mm C 0.2 0.3 0.4

Cut

4.1.3 Developing the design framework

For the test, a fully rotatable block of 3 factors and 3 levels was used. A CCD matrix includes

more remarkable layout room than the factory design matrix grid, resulting in greater

accuracy of the defined relationship. Table 4.2 shows the 20 mapped circumstances used to

display the coded outline-
Table 4.2: Design matrix

Std | Ru | Coded | Coded Coded Actual Actual Actual
n value | valueof | valueof | valueof | valueof | value of
of Feed Depth of Speed Feed Depth of
Speed Cut (m/min) | (mm/rev) Cut
(mm)
1|4 -1 -1 -1 80 0.03 0.2
2 | 13 1 -1 -1 160 0.03 0.2
3 |11 -1 1 -1 80 0.07 0.2
4 |15 1 1 -1 160 0.07 0.2
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51 6 -1 -1 1 80 0.03 0.4
6 | 12 1 -1 1 160 0.03 0.4
7 |20 -1 1 1 80 0.07 0.4
8 | 17 1 1 1 160 0.07 0.4
9 |1 -1 0 0 80 0.05 0.3
10 | 9 1 0 0 160 0.05 0.3
11 | 8 0 -1 0 120 0.03 0.3
12 | 10 0 1 0 120 0.07 0.3
13 | 16 0 0 -1 120 0.05 0.2
14 | 2 0 0 1 120 0.05 0.4
15 | 3 0 0 0 120 0.05 0.3
16 | 14 0 0 0 120 0.05 0.3
17 | 19 0 0 0 120 0.05 0.3
18 | 7 0 0 0 120 0.05 0.3
19| 5 0 0 0 120 0.05 0.3
20 | 18 0 0 0 120 0.05 0.3

4.2 Workpiece composition and its properties

AISI 8620 Steel is a stainless steel with small alloy nickel, chromium, molybdenum case, usually
provided with peak HB 255max hardness as folded situation. SAE steel 8620 provides elevated
external resistance and excellent internal strength, rendering it extremely susceptible to carry.
The core strength of AISI 8620 steel is greater than that of grades 8615 and 8617.

During hardening procedures, SAE 8620 stainless metal is versatile, allowing enhancement of
case / core characteristics. Pre-hardened and strengthened (uncarburized) 8620 may be further
dried by nitriding, but owing to its low carbon material, it will not react satisfactorily to the

hardening of fire or induction. Steel 8620 is suitable for apps requiring a mixture of wear

resistance and toughness. This grade is usually delivered in round bar [7].
Table 4.3: Chemical Composition (in wt. %) of AISI 8620 steel [66]
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Compo | C Si Mg S P Cr |Ni  |Ca [Mo |[Fe
.

Percent | 0.20 | 030 |0.87 |0.015 |0.013 |057 |044 |008 |0.19 |Balance
(wt.%)

4.3 Horizontal Lathe Specifications

LMW LL20T L3

Figure 4.2: Specimen after the cutting operation performed on the basis of Design Matrix
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Table 4.4 Specification of Horizontal CNC Machine adopted by Metal Cutting Lab manual

CAPACITY

Swing Crear bad 510 mm

Chuck dia hiax 210 mm

hizx. Tuming dismatars 320 mm

Iz Toeming Langth 310 mm

Admit batvwesn Cantars 20 mm
SPINDLE

Spindlamosa typa Ad-6

Hola through zpindle §1 mm

Spindls zpead 3000 to 3500 FPMI

Spindla motor powar 11/7.5 to 10.5/7
FEED

Cross travel H-amiz 185 mm

Longitedinal traval F-amiz 370 mm

Fapiditraverss rate X7 axas 30 m/min
TUREET
Mo, of stationz  pps g

Toonl shank zize mm

hl=zx. Boring bar dig 40 mm

Tumwet Indawing typa Ei-diractiomal
Tumst [ndewing tima 1.0==c
TAILSTOCK

Crudll ghia 75 mm

O]l ztroka 100 mm

O]l tapar MT-4

CHC 5YSTEM

Controller Fanuc / {Si=mems)
MACHINE S5IZE

Fromt x Sida 2065 x 1650 x 1920 mm
Wizight M EE
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4.4 Experimental Procedure of Surface Roughness

SR was measured by following below steps of experimentation. Steps are described below:

» Taylor Hobson portable tool is used to measure ground roughness. For writing, three

marks are labeled on each samples finest completed layer.

» Samples are put for adequate assistance and stabilization between the V-blocks.

> A typical surface sampling device consists of a tiny point stylus, a gage or transducer, a

crossing data and a cpu.

» The floor is assessed by shifting the stylus across the ground traveling in a direct row to

and from the ground, the transducer transforms this motion into a message that is then

transmitted to a computer that transforms it into a code and generally a spectral

representation.

» The gage must move over the substrate in a direct row for right information compilation,

so that only the point of the stylus touches the layer under study.

» The Ra score is gathered for each sample after closure of the exam and the median is

gathered.

4.4.1 Specification of Surface Roughness measuring instrument

The instrument was used in Metrology Lab, DTU. The Taylor Hobson Talysurf instrument of

SURTRONIC S-100 SERIES is available in Metrology Lab.

Figure 4.3: Taylor Hobson Talysurf instrument in Metrology Lab

The specifications of measuring instrument of SR are following below:
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» Measurement capability

e Gauge Range=200 um /100 um / 10 pm

e Resolution=100 nm /20 nm /10 nm

e Noise floor (Ra)=250 nm / 150 nm / 100 nm

e Repeatability (Ra)=1 % of value + noise

e Pickup type=Inductive

e Gauge force=150-300 mg

e Stylus tip radius=5 pm (200 pin)

e Measurement type=Skidded

e Calibration Process=Automated software calibration routine

e Standards=Able to calibrate to ISO 4287 roughness standards

e Evaluation length=0.25 mm - 17.5 mm (0.01 in - 0.70 in)

e Measuring speed=1 mm / sec (0.04 in / sec)

e Returning speed=1.5 mm / sec (0.06 in / sec)

> Analysis capability

e Standards=ISO 4287, ISO 13565-1, ISO 13565-2, ASME 46.1, JIS 0601, N31007
e SO basic=Ra, Rv, Rp, Rz, Rt, Rq, Rsk, Rmr, Rdg, Rpc, RSm, Rz1max

e Units=pum / pin

4.5 Experimental Procedure of Residual Stress
RS was measured by following below steps of experimentation. Steps are described below:
» RS measurement is done using portable X-ray machine (u-X360)
> In order to measure the RS in the prepared sample, four marking are done on the surface
of the sample
» Samples are put on the V-block under the laser.
» Focus of collimator is done on specimen using laser in order to Irradiated the marked
point.
» After a particular time, diffraction-peak location and stress values are detected and

recorded.
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Figure 4.4: Experimental set-up for residual stress measurement using portable X-ray

machine (p-X360) in Precision Lab

Table 4.5: Specifications of the X-ray machine (n-X360) in Precision Lab

3J0KV. 1.0 mA
X-ray Tube Voltage, Current

Chromium (Cr)
Target Material

Beam Wavelength (Energy) 1=229A (E=54KeV)

1 mum and 2 mm diameter
Collimator and Beam Spot Size

35-40 mm
Sample to Detector Distance Approx.

Typical Data Acquisition + Readout Time | 90 seconds

4.6 Recording of responses

Recording of responses occurred after the experiments of Surface Roughness and Residual
Stress. Responses are in this experiment i.e. Cutting Speed, Feed and Depth of Cut. All these
responses are very important on the basis of mechanical properties. Responses were recorded in
Design Expert Software Trial Version and shown following below in the Table 3.6, furthermore
graphs are also plotted in Appendix.

Table 4.6: Recording of responses
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Std | Run | Coded | Coded | Coded | Actual | Actual Actual
value | value |value |valueof | value of | value Response | Response
of of of Speed | Feed of 1 )
Speed | Feed | Depth | (m/min) | (mm/rev) | Depth
of Cut of Cut
(mm) | Surface Residual
Roughness | Stress
(micro ( MPa)
meter)
1 4 |-1 -1 -1 80 0.03 0.2 3.5 -0.345
2 13|11 -1 -1 160 0.03 0.2 1.05 -39
3 11 -1 1 -1 80 0.07 0.2 3.679 -27
4 151 1 -1 160 0.07 0.2 1.935 92
5 6|-1 -1 1 80 0.03 0.4 3.4 3.666
6 12 |1 -1 1 160 0.03 0.4 1.76 | -103.333
7 20 | -1 1 1 80 0.07 0.4 3.59 -5.666
8 17 |1 1 1 160 0.07 0.4 2.115 32
9 1]-1 0 0 80 0.05 0.3 3.62 31
10 9|1 0 0 160 0.05 0.3 2.05 -0.666
11 8|0 -1 0 120 0.03 0.3 246 | -20.666
12 10 |0 1 0 120 0.07 0.3 2.97 25
13 16 | O 0 -1 120 0.05 0.2 2.75 33
14 2|0 0 1 120 0.05 0.4 3.135 -0.333
15 310 0 0 120 0.05 0.3 3.04 12
16 14 |0 0 0 120 0.05 0.3 2.94 17
17 190 0 0 120 0.05 0.3 2.915 24.333
18 710 0 0 120 0.05 0.3 3.11 35
19 5|0 0 0 120 0.05 0.3 2.96 10
20 18 |0 0 0 120 0.05 0.3 2.845 13.666
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CHAPTER 5
STATISTICAL ANALYSIS

5.1 Response 1: Surface Roughness
Table 5.1: ANOVA for Reduced Quadratic model for Surface Roughness

Source Sum of | df Mean F-value p-value
Squares Square
Model 9.11 6 1.52 97.85 <0.0001 significant
A-Speed 7.88 1 7.88 507.88 < 0.0001
B-Feed 0.4490 1 0.4490 28.93 0.0001
C-Depth of | 0.1179 1 0.1179 7.60 0.0163
Cut
AB 0.0948 1 0.0948 6.11 0.0280
AC 0.1455 1 0.1455 9.38 0.0091
B? 0.4222 1 0.4222 27.20 0.0002
Residual 0.2018 13 0.0155
Lack of Fit 8 2.23 0.1958 not
0.1577 0.0197
significant
Pure Error | 0.0441 5 0.0088
Cor Total |9.32 19

Factor coding is Coded.

Sum of squares is Type 11l - Partial

The Model F-value of 97.85 shows the significance of the present model under inquiry. Small
percentage of the incidence of the greater F score could occur due to sound, i.e. 0.01%.

P value should not reach 0.05. It is noted that key / significant conditions were A, B, C, AB, AC,
B2. If the P-values reach above the figure of 0.1; it reflects that model stands insignificant.
Therefore, if the number of insignificant terms in any model is higher, shortening the model is

recommended by decreasing the parameter to enhance the model.
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Finally, in comparison with the pure error, the Lack of fit F value should remain insignificant

for a model. We obtained 19.58 percent opportunity of absence of match F-value for the present

model, which could result mainly from noise variables.
Table 5.1.1 Fit Statistics of Surface Roughness

Std. Dev. 0.1246 R2 0.9783

Mean 2.79 Adjusted R? 0.9683

CV.% 4.46 Predicted R? 0.9095
Adeq Precision 35.6899

The price of the predicted R? is near to the price of the Adjusted R? with a small difference of
0.2.

Adeq Precision allows the S/ N proportion to be calculated by the customer. This percentage is
appropriate for a required price of 4, which in our situation is 35.6899, so it is quite desirable to
get the message accomplished. In addition, this model is entitled to be satisfactory in the
development region.

Final Equation in Terms of Coded Factors

Surface Roughness =+2.94-0.5279* A+0.1260 *B+0.0646* C+0.0385* AB+0.0477 *AC-0.1027
*B2

Equations acquired in terms of labeled variables are appropriate for making statements about
information for each parameters specified concentrations. The greater parameters are usually
encoded as + 1 while the reduced parameters are encoded with-1. Evaluation of the factor
coefficient is useful in quantifying the comparative impact of the variables in given formulas.
Final Equation in Terms of Actual Factors

Surface  Roughness=+4.95884-0.039118* Speed+66.91375* Feed-2.96025* Depth of
Cut+0.136094* Speed * Feed+0.033719 *Speed * Depth of Cut-726.50000* Feed?

The equation created due to the real parameters can be used to frame the hypothesis of the yield
information for each parameters specified stage. It is necessary to quantify each amount for each
parameter in their corresponding ranges. This equation should be excluded from examining the
comparative impact of each parameter as the original coefficient is magnified to merge with each

parameters parts while the median is not adapted to the layout areas center.
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5.2 Response 2: Residual Stress
Table 5.2: ANOVA for Reduced Quadratic model of Residual stress

Source Sum of | df Mean F-value p-value
Squares Square

Model 26020.62 6 4336.77 46.46 < 0.0001 Significant

A-Speed 42.66 1 42.66 0.4570 0.5109

B-Feed 7618.26 1 7618.26 81.61 < 0.0001

C-Depth of | 1750.88 1 1750.88 18.76 0.0008

Cut

AB 11424.67 1 11424.67 122.38 < 0.0001

AC 2800.44 1 2800.44 30.00 0.0001

B2 2383.71 1 2383.71 25.53 0.0002

Residual 1213.58 13 93.35

Lack of Fit | 767.35 8 95.92 1.07 0.4910 not
significant

Pure Error | 446.23 5 89.25

Cor Total | 27234.20 19

Factor coding is Coded.

Sum of squares is Type 111 - Partial

The Model F-value of 46.46 shows the significance of the present model under inquiry. Small
percentage of the incidence of the greater F score could occur due to sound, i.e. 0.01%.

P value should not reach 0.05. It is noted that key / significant conditions were A, B, C, AB, AC,
B2. If the P-values are above the 0.1 line; it represents the insignificance of the model. Therefore,
if the number of insignificant terms in any model is higher, shortening,the model is
recommended by decreasing the parameter to enhance the model.

Finally, in comparison with the pure error, the Lack of fit F value should remain insignificant
for a model. We obtained 49.10 percent opportunity of absence of match F-value for the present
model, which could result mainly from noise variables.

Table 5.2.1: Fit Statistics of Residual Stress

Std. Dev. 9.66 R? 0.9554
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Mean 6.58 Adjusted R2 0.9349

CV.% 146.77 Predicted R? 0.8842

Adeq Precision 34.0561

The value of the Predicted R? is near to the value of the Adjusted R? with a small difference of
0.2.

Adeq Precision allows the S/ N proportion to be calculated by the customer. This percentage is
appropriate at a required price of 4, which in our situation is 34.0561, so it is quite desirable to
get the message accomplished. In addition, this model is entitled to be satisfactory in the
development region.

Final Equation in Terms of Coded Factors

Residual Stress=+17.50-1.23 *A+16.41 *B-7.87 *C+13.36 *AB-6.61 *AC-7.72 *B?

Equations acquired in terms of labeled variables are appropriate for making statements about
information for each parameters specified concentrations. The greater parameters are usually
encoded as + 1 while the reduced parameters are encoded with-1. Evaluation of the factor
coefficient is useful in quantifying the comparative impact of the variables in given formulas.
Final Equation in Terms of Actual Factors

Residual Stress=-27.03825-1.01028*Speed+1170.16000*Feed+428.97150*Depth of
Cut+47.23750* Speed * Feed-4.67744* Speed * Depth of Cut-54586.00000* Feed?

The equation created due to the real parameters can be used to frame the hypothesis of the yield
information for each parameters specified stage. It is necessary to quantify each amount for each
parameter in their corresponding ranges. This equation should be excluded from examining the
comparative impact of each parameter as the original coefficient is magnified to merge with each
parameters parts while the median is not adapted to the layout areas center.
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CHAPTER 6
RESULT ANALYSIS AND DISCUSSION

6.1 Analysis of Result
6.1.1 Effect of analysis on Surface Roughness

Predicted vs. Actual

35 4

2.5

Predicted

15_]

Actual
Figure 6.1: A plot between Predicted vs. Actual points of SR

The graph above shows real Surface Roughness information on the x-axis while Surface
Roughness information on the y-axis is anticipated. Red spots are Surface Roughness greatest
valuation while a blue spot constitutes Surface Roughness lowest levels. It is obvious from the

graph that the real information is similar to the expected information. The chart demonstrates the
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predicted and actual information scores connection.

Perturbation
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Figure 6.2: Graph represents the intersection point of SR
The graph above shows variation from the x-axis reference point while the y-axis shows surface
roughness. This chart is called the curve of disturbance. In this graph, at one stage, three distinct

classification variables labeled A, B and C intersect.
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0.07

Surface Roughngss (micro meter)

0.06

0.05

B: Feed (mm/rev)

0.04

0.03

|
80 100 120 140 160

A: Cutting Speed (m/min)
Figure 6.3: Contour plot of SR between CS and FR
This graph shows, on thex-axis, cutting speed (m / min) while on the y-axis feed (mm / rev).
Surface ruggedness level is attained on this curve. Red regions depict the highest surface
roughness range (3.679um), while red regions depict the minimum surface ruggedness levels

(1.05um). The 2-D response surfaces are described by the contour charts. Contour plots have an

important role to play in researching the edges of the reaction. Once produced through Software,
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you can predict the ground image and accurately achieve optimized results.

Surface Roughness (micro meter)

100 p. : .
B: Feed (mm/rev) A: Cutting Speed (m/min)

0.03 80

Figure 6.4: 3 D response surface graph of SR between CS and FR

This graph portrays cutting speed as xi1-axis while Feed on the xz-axis, and lastly on the y-axis

surface roughness. The response surface geometry of the response is 3-D in design.
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6.1.2 Effect of analysis on Residual Stress

Predicted vs. Actual

100 |

50

Predicted
o

-30

-100

-150

| | | | | |
-150 -100 -50 0 50 100

Actual
Figure 6.5: A plot between Predicted vs. Actual points of RS

The graph above shows Actual information on the x-axis of residual stress while predicting
information on the y-axis of residual stress. Red spot are the largest residual stress ratio while a
blue spot is the lowest residual stress rate. It is obvious from the graph that the real information
is similar to the expected information. The graph demonstrates the predicted and actual

information scores correlation.
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Perturbation
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Figure 6.6: Graph represents the intersection point of RS

The graph above shows deviation from reference point on the x-axis reference point while the y-
axis shows residual stress. This graph is called the curve of disturbance. In this graph, at one

stage, three distinct classification variables labeled A, B and C intersects.
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Residual Stress (MPa)

171 (D P b 72l S S
0.06

ey

et

~

=

£ oo0s

3

[ &

faa)
0.04
0.03

80 100 120 140 160
A: Cutting Speed (m/min)

Figure 6.7: Contour plot of RS between CS and FR

This graph shows, on the x-axis, cutting speed (m / min) while on the y-axis feed (mm / rev).
Residual stress level is attained on this curve. Red regions are the highest residual stress range
(92MPa), while blue regions are the minimum residual stress levels (-103.333MPa). The 2-D
response surfaces are described by the contour charts. Contour plots have an important role to
play in researching the edges of the reaction. Once produced through Software, you can predict

the response surface image and accurately achieve optimized results.
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Figure 6.8: 3 D response surface graph of RS between CS and FR
This graph portrays the cutting speed as x1-axis while Feed on the x»-axis, and lastly the y-
axis residual stress. The response surface geometry of the response is 3-D in design.
6.2 Optimization of Result
The important step is the optimization of result of the experiment. Optimizations of different

response parameter are described following below:
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C:Depth of Cut = 0.398749

80 160
A:Cutting Speed = 160
0.2 04

-103.333

Residual Stress = -103.333

|——

|
92

T

0.03

0.07

B:Feed = 0.03

1.05

T

3.679

Surface Roughness = 1.67766

Desirability = 0.873
Solution 1 out of 76

Figure 6.9: Optimum Result of Factors

The optimum result has obtained at maximum value of CS =160 m/min, minimum value of FR =

0.03 mm/rev and maximum value of DOC = 0.398 mm. The optimum values are for SR =
1.677um and RS = -103.333 MPa with the desirability 87.30 %.
6.3 Point Prediction

This Table 5.1 describe the predict the mean of response parameter, Std Dev , 95% CI low for

Mean and 95% CI high for Mean on the basis of data points of responses. The point predictions

of Responses are following below in the Table 5.1:

Table 6.1: Predict the mean of Response parameter

Response Predicted Mean | Std Dev 95% Cl low for | 95% CI high for
Mean Mean

Surface 1.677 0.12459 1.46159 1.89373

Roughness

Residual Stress | -103.333 9.66189 -120.089 -86.5772
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6.4 Discussion

From the results, two significant samples were considered; first sample carries the maximum
tensile residual stress while the second sample occupies the maximum compressive residual
stress.

6.4.1 Maximum Compressive Residual Stress (Optimum Residual Stress)

Point 1

Figure 6.10: Camera image of pointl for maximum Compressive Residual Stress

Dabye nng(30 Distoson

Figure 6.11: Map of Residual Stress of point 1 for maximum Compressive Residual Stress
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Figure 6.12: Residual Stress graph of point 1 for maximum Compressive Residual Stress

Residual Stress are as follows:-
Normal stress = (-) 75 MPa

Shear stress = (+) 26 MPa
Point 2

Figure 6.13: Camera image of point 2 for maximum Compressive Residual Stress
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Figure 6.14: Map of Residual Stress of point 2 for maximum Compressive Residual Stress
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Figure 6.14: Residual Stress graph of point 2 for maximum Compressive Residual Stress
Residual Stress are as follows:-
Normal stress = (-) 209 MPa
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Shear stress = (-) 6 MPa
Point 3

Figure 6.15: Camera image of point 3 for maximum Compressive Residual Stress

Dabye nng(30
F

Figure 6.16: Map of Residual Stress of point 3 for maximum Compressive Residual Stress
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Figure 6.17: Residual Stress graph of point 3 for maximum Compressive Residual Stress
Residual Stress are as follows:-
Normal stress = (-) 26 MPa
Shear stress = (+) 40 MPa
Average Minimum Residual Stress = (-) 103.333 MPa
Explanation of arousal of maximum compressive residual stress
e From the above results, we conclude that Residual Stress depends on both the process
parameters and material characteristics.
e If cutting speed is maintained high while the feed rate is maintained low, compressive
residual stresses are generated.
e If cutting speed is maintained higher, then chips occupy higher heat value which gets
carried away, thus the entire process remains adiabatic, which further leads to generation

of compressive stresses.
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6.4.2 Maximum Tensile Residual Stress
Point 1

Figure 6.19: Map of Residual Stress of point 1 for maximum Tensile Residual Stress
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Figure 6.20: Residual Stress graph of point 1for maximum Tensile Residual Stress

Residual

Stress are as follows:-

Normal stress = (+) 17 MPa
Shear stress = (+) 62 MPa

Point 2

Figure 6.21: Camera image of point 2 for maximum Tensile Residual Stress
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Figure 6.22: Map of Residual Stress of point 2 for maximum Tensile Residual Stress
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Figure 6.23: Residual Stress graph of point 2 for maximum Tensile Residual Stress
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Residual Stress are as follows:-
Normal stress = (+) 113 MPa
Shear stress = (+) 76 MPa
Point 3

g(3D

Figure 6.25: Map of Residual Stress of point 3 for maximum Tensile Residual Stress
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Figure 6.26: Residual Stress graph of point 3 for maximum Tensile Residual Stress

Residual Stress are as follows:-
Normal stress = (+) 150 MPa
Shear stress = (+) 72 MPa

Average Maximum Residual Stress = (+) 93.333 MPa

Explanation of arousal of maximum tensile residual stress

e |t is seen that as the feed rate is raised, generation of heat will occur which further leads

to increase of tensile residual stresses.

e As the cutting speed is lowered, the process turns out to be less adiabatic which further

raises the tensile residual stress.

e As the feed rate is raised, it is observed that poor surface finish is achieved while higher

tensile residual stress is obtained.
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CHAPTER 7
CONCLUSION AND FUTURE SCOPE OF STUDY

7.1 Conclusions

This dissertation presented the work for the optimization of CNC turning using AISI 8620 steel
with multi performance characteristics through RSM. Results were generated, on account of
which following conclusions can be drawn as:-

> Results presented that Surface Roughness has major influential role primarily from
Cutting Speed having F value of 507.88, followed by Feed with F value of 28.93 and
finally Depth of Cut having F value of 7.60.

> Results presented that Residual Stress has major influential role primarily from Feed
having F value of 81.61, followed by Depth of cut with F value of 18.76 and finally
Cutting Speed having F value of 0.4570.

» The optimum result has obtained at maximum value of CS =160 m/min, minimum
value of FR = 0.03 mm/rev and maximum value of DOC = 0.398 mm. The optimum
values are for SR = 1.677um and RS = -103.333 MPa with the desirability 87.30 %.

» The interactions between CS and FR (AxB), CS and DOC (AxC) significantly affect
the performance characteristics.

> As the cutting speed is raised and feed rate is mitigated, it is observed that
%+ Higher compressive residual stresses are generated.

«» Better surface finish is obtained.
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7.2 Future Scope of Study
Turning process possesses huge possibilities of research and development.
> Research needs to be focused on other parameters such as tool geometry, tool material,
machine vibration for calculating its effect on cutting performance.
» Further analysis can be considered to evaluate tool life and temperature rise in turning
method.
» Furthermore, research can be pushed forward with investigating the cutting tool edge
condition and effect on rake angle respectively.
» Tool wear can also be remarked as one of the huge possibility in terms of research area
under various working environment.
Steps have been taken to ensure process with more effectiveness and productivity by irradicating
the involved difficulties of the process.
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APPENDIX

In this appendix, Residual stress graphs are shown of the respected data points. Residual stress

graphs are following below:-
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