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INTERNAL EXA ER EXTE EXAMINER

DEPARTMENT OF MECHANICAL ENGINEERING
KUMARAGURU COLLEGE OF TECHNOLOGY

COTMBATORE A41 NNA

SYNOPSIS

Metal cutting is one of the most effective manufacturing processes in the area of
material removal, Various surveys have shown that the correct cutting tool is selected less
than 50% of the time , the tool is used at the rated cutting speed only 58% of the time .
and only 38% of the tools are used up to their full tool life capability. The objective of
this study is to develop a better understanding of the effects of spindle speed, cutting feed
rate and depth of cut on the surface roughness and to build a multiple regression model

for a CNC center with two interacting parameters that predicts the surface roughness

values with an accuracy of about 12 %. In addition the cutting ct istics and optimal
cutting conditions are found using Taguchi method in the design of experiments with the
adaptation of L9 orthogonal array. Analysis of variance is performed in order to evaluate
the effect of adjustment parameters on the quality features of the operation.

The parameters chosen to study the effect on surface roughness are . the cutting
speed , the feed rate and the depth of cut . Limits for each of the parameters were set
based on a thorough literature study and industrial consultation. The material selected is
then machined for a set length in a CNC turning center after which the surface roughness

of the machined length is measured in a surface roughness tester. The mathematical

model is then generated based on these values and optimized to establish which p
contributes to surface roughness.

It is found that the required surface finish could be obtained in a single run using
hard turning and make unnecessary the post turning operation of grinding. Thus saving

considerable amount of cost.
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of optimizing technigs the g T

productive This

operation, which is a waste of productive time and

are set in an unscientific and

the industries to go in for an additional grinding

Our project is aimed at conducting our study in one of these industries in town:
conduct a set of experiments to find the machining parameter and other noise factors that
influence the gross surface | of the machined aluminium. The math ical model

can also be developed on conducting additional i in the same environment so that

coherence is maintained in the entire study. This will give you the theoretical equation

governing the entire turning operation.

The primary objective of our srudy
1. To find the optimal machi

2| using taguchi technique by the employment
of L9 orthogonal array.

2. To find the factor that most affected the surface roughness value,

3. To development, the mathematical model for the urning operation.

4. To determine the various noises (uncontrollable factors) that affects the gross surface
roughness.

5. To determine the approximate cost that could be saved by employing the right cutting
parameters,

CHAPTER 1
INTRODUCTION

Metal cutting is one of the most significant manufacturing processes in the area of

material removal. It has been recognized that the reliable quantative predictions of the various

technological performsncc measures, preferably in the form of equations, are essential to

Jpnral

p opti ies for selecting cutting conditions in process planning. The

progress in the develop of predictive models, based on cutting theory, has not yet met
the objective when concemned with individual machines. The most important cutting
performance measures such as tool life. cutting force, roughness of the machined surfaced,
energy consumption etc. A recent survey in the USA showed that the correct cutting tool is
selected less than 50% of the times, the tool is used at the rated cutting speed only 58% of the
time and only 38% of the tools are used up to their full tool life capacity. The same result was
also reported by the American aircraft industry showing that selected cutting speed is far
below the optimal economic speeds.

The challenge of modern machining industries is mainly focused on the achievement
of high quality, in terms of work piece dimensional accuracy, surface finish. economy of
machining in terms of cost saving and increase the performance of the product with reduced
environmental impact. Surface roughness plays an important role in many areas and is a
factor of great importance in the evaluation of machining accuracy. Taguchi method is a
powerful tool for the des1gn of high quality system. It provides simple, efficient and

ic approach to optimize designs for per and cost. Taguchi approach to
design of experiment is easy to adopt and apply for users with limited knowledge ofmnsllcs,
hence gained wide popularity in the engineering and scientific e ity. The 1
alloys are used in a variety of engineering applications like I, eryogenic, food

processing, oil and gas process industries etc because of light weight and high tensile. Surface
finish and roughness also affects several functional attributes of parts such as contact causing
surface friction, wearing, light reflection, heat transmission, ability of distributing and

g a lubricant, load-bearing capacity, coating or resisting fatigue.

In Coimbatore there are many medium scale production industries that manufacture

p made of aluminium alloys that are outscored by large manufacturing giant. In

most case a moderate surface finish is required which can be

1 in a single

CHAPTER 2
LITERATURE REVIEW

Application of Taguchi method in the optimization of cutting parameters
for turning operations

Nickel-base super alloy Inconel 718 is a high-strength, thermal-resistant. Because of its
excellent mechanical properties, it plays an important pari in recent years in acrospace,
petroleum and nuclear energy industries. Due to the exireme h and work hard

(o &

characteristic of the alloy, the problem of machining Inconel 718 is one of ever-increasing
magnitude. This investigation optimized the machining characteristics of Inconel 718 bars
using tungsten carbide and cermet cutting tools. The approach is based on Taguchi method,
the signal-to-noise (S/N) ratio and the analysis of variance (ANOVA) are employed to study

the performance istics in turning operati The round and flank wear of the

y and conventi y ined work pieces were measured and compared.

Through this study, the optimal cutting parameters for turning operations can be obtained.
Guey-Jiuh Tzou , Ding-Yeng Chen, Chun-Yao Hsu

Optimization of Surface Roughness in End Milling on Mould Aluminium
Alloys (AA6061-T6) Using Response Surface Method and Radian Basis
Function Network

This paper is concerned with optimization of the surface roughness when milling Mould
Aluminium alloys (AA6061-T6) with carbide coated inserts. Optimization of milling is very
useful to reduce cost and time for machining mould. The approach is based on Responsc
Surface Method (RSM) and Radian Basis Function Network (RBFN). RBFN was
successfully used by Tsoa and Hocheng in their recent research. They used this network to
predict thrust force and surface roughness in drilling. In this work. the objectives are to find
the optimized parameters, and to find out the most dominant variables (cutting speed,
federate, axial depth and radial depth). The first order model and RBFN indicates that the
feed rate is the most significant factors effecting surface roughness. RBFN predicts surface

A

K.Kadirgama, M.M.Noor, N.M.Zuki.N.M, M.M. Rahman, M.R.M. Rejab, R. Daud, K.

more Iy when pared to RSM.



Prediction of Surface Roughness in CNC Turning Operation using Taguchi
Design of Experiments

This paper outlines the Taguchi optimization methodology, which is applied to optimize
cutting parameters in turning when machining hardened steel AISI 4140 with carbide insert
tool under semi finishing and finishing conditions of high-speed cutting. All the experimental
work has been conducted on CNC lathe at Kaizen Machine Tools, Faridabad, Haryana. The
experiments carried out by using L-27 (313) orthogonal array. The turning parameters
evaluated are, cutting speed, feed rate and depth of cut. An orthogonal array, signal-to-noise
(S/N) ratio and Pareto analysis of variance (ANOVA) are employed to analyze the effect of
these turning parameters on surface roughness. Main effects of process parameters on the
quality characteristics have been analyzed and the results show that the optimum parameter
setting for surface roughness is obtained at a cutting speed of 200 m/min, feed rate 0.1
mm/rev and depth of cut 1.5 mm and the optimum parameter setting for force required is
obtained at a cutting speed of 200 m/min, feed rate 0.1 mm/rev and depth of cut | mm.
Confirmation tests with the optimal levels of cutting parameters are carried out in order to
illustrate the effectiveness of Taguchi optimization method. Using Taguchi method for design
of experiment (DOE), other significant effects, such as, the interaction among tuming

are also in

F &

A Jayant, V Kumar

Optimizing feed force for turned parts through the Taguchi Technique

The objective of the paper is to obtain an optimal setting of tuming process parameters
(cutting speed, feed rate and depth of cut) resulting in an optimal value of the feed force when
machining EN24 steel with TiC-coated ngsten carbide inserts. The effects of the selected
tumning process parameters on feed force and the sub optimal i of the

p have been plished using Taguchi’s parameter design approach. The results
indicate that the selected process parameters significantly affect the selected machining
characteristics. The results are confirmed by further experiments.

Hari singh and Pradeep kumar

A Study of the Effects of Machining Parameters on the Surface Roughness

manufacturing processes for new products. Taguchi Parameter Design is a powerful and
efficient method for optimizing quality and performance output of manufacturing processes.
thus a powerful ol for ing this challenge. This paper di

an investigation into the
use of Taguchi Parameter Design for optimizing surface roughness generated by a CNC
turning operation. This study utilizes a standard orthogonal array for determining the
optimum turning parameters, with an applied noise factor. Controlled factors include spindle
speed, feed rate, and depth of cut; and the noise factor is slightly damaged jaws. The noise
the rob and licability of this study. After

factor is included to i

experimentally tuming sample work pieces using the selected orthogonal array and
parameters, this study produced a verified combination of controlled factors and a predictive
equation for d ining surface roughness with a given set of parameters.

E. Daniel Kirby

GA based CNC turning center exploitation process parameters
optimization

This paper presents machining parameters (turning process) optimization based on the use of

artificial intelligence. To obtain greater efficiency and productivity of the hine tool,
optimal cutting p have to be obtained. In order to find optimal cutting parameters,

the genetic algorithm (GA) has been used as an optimal solution finder. Optimization has o
yield minimum machining time and minimum production cost, while considering
technological and material constrains.
Z. CAR, B. BARISIC, M. IKONIC

Genetic algorithm-based multi-objective optimization of cutting

parameters in turning processes

D ination of optimal cutting p is one of the most important elements in any
process planning of metal parts. This paper presents a multi-objective optimizati hnig
based on genetic algorithms, to optimize the cutting p in tumning p : cutting

depth, feed and speed. Two conflicting objectives, tool life and operation time. are
oy ly optimized. The p

posed model uses a micro genetic algorithm in order to
obtain the non-dominated points and build the Pareto front graph. An application sample is

develoned and its results are analvzed for several different production conditions. This paper

A set of experiments designed to begin the characterization of surface quality for the end-
milling process have been performed. The objective of this study is to develop a better
understanding of the effects of spindle speed. cutting feed rate and depth of cut on the surface
roughness and to build a multiple regression model. Such an understanding can provide
insight into the problems of controlling the finish of machined surfaces when the process
parameters arc adjusted o obtain a certain surface finish. The model, which includes the
effect of spindle speed, cutting feed rate and depth of cut, and any two variable interactions,
predicted the surface roughness values with an accuracy of about 12%.

Moh d T. Hayajneh a, Mont: S. Tahat , Joachim Bluhm

Analyses of surface roughness by turning process using Taguchi method

The purpose of this research paper is focused on the analysis of optimum cutting conditions
to get lowest surface roughness in tuming SCM 440 alloy steel by Taguchi method.
Experiment was designed using Taguchi method and 18 experiments were designed by this
process and experiments conducted. The results are analyzed using analysis of variance
{ANOVA) method. Taguchi method has shown that the depth of cut has significant role to
play in producing lower surface roughness followed by feed. The Cutting speed has lesser
role on surface roughness from the tests .The vibrations of the machine tool, tool chattering
are the other factors which may contribute poor surface roughness to the results and such

factors ignored for analyses .The results obtained by this method will be useful to other

researches for similar type of study and may be eye opening for further r h on tool
vibrations, cutting forces etc.
S. Thamizhmanii*, S. Saparudin, 5. Hasan

A parameter design study in a turning operation using the Taguchi method

Modern manufacturers, seeking to remain competitive in the market, rely on their

also remarks the advantages of multi-objective optimization approach over the single
objective one.

Ramén Quiza Sardifias, Marcelino Rivas Santana, Eleno Alfonse Brindis

A study on the optimal cutting condition of a high speed feeding type laser

cutting machine by using Taguchi method

Cutting by a high speed laser cutting machine is one of most effective technologies o
improve productivity. This paper has presented the cutting characteristics and optimal cutting
conditions in 2 high speed feeding type laser cutting machine by using Taguchi method in the
design of experiment. An L9 (34) orthogonal array is adopted to study the effect of

d p The adj : consist of cutting speed, laser power, laser
output duty and assistant gas pressure. The surface roughness of sheet metal is regarded as a
quality feature. Analysis of variance is performed in order to evaluate the effect of adjustment
parameters on the quality feature of laser cutting process.

Sang-Heon Lim, Cheon-Man Lee and Won Jee Chung



CHAPTER 3
TURNING

Turning is the process whereby a single point cutting tool is parallel to the surface. It
can be done manually, in a traditional form of lathe, which frequently i i

il

supervision by the operator, or by using a P ¢ lled and d lathe which
does not. This type of machine tool is referred to as having computer numerical control,
better known as CNC , and is commonly used with many other types of machine tool besides

the lathe.

When tuming, a piece of material (wood, metal, plastic even stone) is rotated and
a cutting tool is traversed along 2 axes of motion to produce precise diameters and depths.
Turning can be either on the outside of the eylinder or on the inside and produce tubular
components to various geometries. Although now quite rare, early lathes could even be used
to produce complex geometric figures, even the platonic solids; although until the advent of
CNC it had become unusual to use one for this purpose for the last three quarters of the
twentieth century. It is said that the lathe is the only machine tool that can reproduce itself.

The turning processes are typically carried out on a lathe, considered to be the oldest
machine tools, and can be of four different types such as straight tuming . taper tuming .
profiling or extemnal grooving . Those types of turning processes can produce various shapes
of materials such as straight, conical, curved, or grooved work piece . In general, tuming uses
simple single-point cutting tools. Each group of work piece materials has an optimum set of
tools angles which have been developed through the years,

3.1 HARD TURNING

Since the late 1970°s the wurning of material with hardness greater than 35HRC, has

become i "y,cllv:r' "‘1‘ and

Ily viable. Hard turning is a competitive

p for

ing precision mechanical components . The hard tuming
process is similar enough to conventional turning that the introduction of this process into the
normal factory environment can happen with relatively small operational changes when the
proper elements have been addressed.

Hard tumning is best accomplished with cutting inserts made from carbide inserts.
Since hard turning is single point cutting, a significant benefit of this process is the capability

o d [ and to lex forms with inherent motion capability of

1

fi d layer of material on the P surface, ¢ ly referred

s a phase-
to as white layer of its white appearance under an optical microscope.

The white layer is harder than the bulk-material, and is often associated with tensile

idual 1t is often d that a white layer is determined to fatigue life though its

effect on service life is poorly understood. In hard tuming selection of appropriate cutting

tool and machinery is necessary.

3.3 ADVANTAGES OF HARD TURNING
e Smaller space requirement
*  Turned di are der than ground di
» Heat dissipates in chip during turning
* Higher metal removal rates

* Low micro finishes

s No expensive coolant is needed

* Less down time for tool changes

« Increased service life of hard turned components due to better geometry, untempered

martensite layers and surface compressive residual stress.
3.4 FACTORS INFLUENCING HARD TURNING PROCESS

The factors that influence the hard tuming process can be categorized as
= Machine technology
* Process technology
s Materials and tooling technology
»  Work holding technology

Rigidity is critical for successful hard turning, the rigidity of tooling, work holding,
and the machine tool are the crucial elements that will affect the ability to successfully hard
turn .In hard turning, it is well blished that the p of vibration is not desirable for

multiple standpoints. A machine which has improved damping will demonstrate the
improvements in lowering the amplitude of vibration and the time to decay. all while
maintaining the static toughness. The real and measurable results are longer tool life better

p ivity and higher overall product

surface finishes, imp i accuracy, imp!

configured machine tool and the appropriate tooling. For many applications, Carbide tooling
will be the most dominant choice. However, ceramic and cermets also have roles in this
process. The range of applications for hard turning varies widely, where in some cases hard

turning serves as a grinding replacement process and can also be quite effective for pre-

S

preparation p The attractiveness of the process lies in the performance
numbers. Hard tuming is a technology-driven process that requires certain performance
features of the machine tool, work holding, process and the tooling.

3.2 APPLICATIONS

Hard turning can be certainly considered for most pre-grinding applications which are

followed by an abbreviated grinding cycle. In some cases the hard turned surface may
plete the operation and will completely eliminate the grinding cycle.

Hard tumning is an important technology t all fi are inually seeking

ways to manufacture their parts with lower cost, higher quality, rapid setup. lower
investments, smaller tooling i + and the elimination off non-value added activities. The

migration of processing from grinders to lathes can satisfy each and every one of those goals.

Hard tuming finds application in the following industrial segments, automotive, bearing,

marine, punch and die, mould hydraulics and | ics hine tool and p

The typical materials which are routinely hard turned include those of the following broad
category descriptions:

« Steel alloys

* Bearing steels

« Hot and cold work tool steel

« High speed steels

« Die steels

o Case hardened steels

s Waspoloy , stellite and other acrospace alloys
« Nitrated irons and hard chrome coatings

nY F— 11

= Heat p gy

An important aspect in hard turning is surface integrity, because there is need to design a

p for optimal surface integrity to maximize component life in  service. Hard

tiurnine mav induee a deen comnressive residual stress in the subsurface. while it may also

CHAPTER 4
THEORY OF METAL CUTTING
Turning is one of the metal cutting processes, so to understand the different
parameters that affect the machining operation we have to be aware of the basic of metal
cutting. The following chapter gives you an overview the tuming process

4.1 THE MECHANISM OF CUTTING

- Assuming that the cutting action is continuous we can develop a continuous model of
cutting conditions.

- Orthogonal Cutting -

that the cutting edge of the tool is set in a position that is
perpendicular to the direction of relative work or tool motion. This allows us to deal with
forces that act only in one plane. 7

Fig 4.1 Orthogonal cutting

- We can obtain orthogonal cutting by turning a thin walled tube, and setting the lath bit
cutting edge perpendicular to the tube axis.

- Next, we can begin to consider cutting forces, chip thicknesses, etc.

faf
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e e s
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Next, we assume that we are also measuring two perpendicular cutting forces that are
horizontal, and perpendicular to the figure above. This then allows us to examine specific
forces involved with  the cutting. The cutting forces in the figure below (Fc and Ft) are

measured using a tool force dynamometer mounted on the lathe.

whem,
F, = cuiting lw;,:'muﬂ
Fi= N il
- m«r,ar‘

F = frction faeos betwen 1ol and chip
¥ = narmal force betusen tool and chap

Fig 4.3 Cutting forces

4.2 CHIP FORMATION

- There are three types of chips that are commonly produced in cutting,

- discontinuous chips
2. - continuous chips
3. - continuous with built up edge

- A discontinuous chip comes off as small chunks or particles. When we get this chip it may

indicate,
i - brittle work material
2 - small rake angles
3. - coarse feeds and low speeds
4.4 TOOL WEAR

- Tool wear is still a significant problem in cutting.
- Typical types of tool wear include,

1. - Flank wear

2. - Crater wear

- Flank wear - the point of the tool degrades

S

This wear controls tool lifs, and will change work dimensions

Fig4.5 Cutting tool
- Crater wear also decreases tool life
ible
ture line
i
where,
o= cmter depth

Fig 4.6 Tool wear

- Tool failure can typically grouped under one of the following categories,
15 - Complete Failure - the tool is unusable
2. - Flank Failure - this can be estimated with maximum lw values,
1- Roughing Cuts
» 0.03" for carbide tools
« 0.06" for high speed steel

- A continuous chip looks like a long ribbon with a smooth shining surface. This chip type
may indicate,

1. - ductile work materials

2 - large rake angles
3. - fine feeds and high speeds
4. - use of coolant and good chip flow

Continuous chips with a built up edge still look like a long ribbon, but the surface is
no longer smooth and shining. This type of chip tends to indicate, high friction between
work and tool causes high temp that will occasionally weld the chip to the tool.

This will break free, but the effects are a rough cutting action.
- Conti chips, and sut ly continuous cutting action is generally desired,

4.3 TEMPERATURES IN CUTTING

- There are three main sources of heat when cutting,
4 1. Heat is produced as the tool deforms (works) the metal
2. 2. Friction on the cutting face
3. 3. Friction on the tool flank

Fig4.4 Temperature in the cutting zone

- Heat is mostly dissipated by,

1. 1. The discarded chip carries away heat

2 2. Coolant will help draw away heat

3. 3. The work piece acts as a heat sink

4. 4. The cutting tool will also draw away heat.

e 0.010" for carbides
« 0.015" for high speed steel

¥ - Work surface finish is inadequate

4. - Work dimension outside tolerance

+ Flank wear can be discussed as a function of time,

Ly LH V3

A

=

whe!

gy

™,
V1, Va, V5 = cutting velocities where V3=Vo=¥,
#1 - In this region the tool pomt is starting to dull
#2 - A typical too] wear regicn
#3 - This Tome is tepperature sensittve

Fig 4.7 Tool wear as a function of time

- General notes of concern are,

1. - The main factor in tool wear is temperature

2 - The main factor in tool life is cutting speed

3. - Critical temperatures for High Speed Steels are 1150°F and for
carbides it is 1600°F

4, - A higher velocity will increase temperature more than an increase in
feed for the same

5. - A higher feed will increase the tool forces



4.5 FORCE CALCULATIONS

- The forces and angles involved in cutting are drawn below,

toal

Fy

F = shear fore

Fp, = force nommal to shear plane

o= tool rake angle (positive as shown)
= shear angle

© = friction angle

Fig 4.8 Force calculations

rie) **Note: graphical solutions

are possible

V= cntti:gwhcﬂy(ﬂ.fnﬁn.) - &5 set or measured on the machine
W, = shearing velocity
V= frictional velocity
Using the sine rule,
¥, - V.
an(P0®-a) an®0*+o-§)

. Ven(90°-a) _ VFeosa
TTr @0t te—¢)  cos(d o)

Also,

V. ang
Y,m e
! st

Fig 4.9 Cutting velocities

- A final note of interest to readers not completely familiar with vectors, the forces Fe and Ft,

are used to find R, from that two other sets of equivalent forces are found..

R= R = FR - T

Having seen the vector based determination of the cutting forces, we can now look at the

equivalent calculations

F
= =
W fnT = B

whe e,
= the coefficient of friction

r. = the cutting ratio

1 = hsing &= heos(y -<)

b he = sing
Te i Fhcos@ -a) cosgeosa Fsmpsno
"7 coscosatr sSnpsine = sing

T Lospeuse  r singsing 1
© sing sing
AL cnbie ~rsme.

o o r COS0L
A T
- The velocities are also important, and can be calculated for later use in power calculations.

The Velocity diagram below can also be drawn to find cutting velocities.

And, by trigonometry,

[ T [ |

CHAPTER 5
TAGUCHI TECHNIQUE

5.1 INTRODUCTION

One method presented in this article is an experimental design process called the
Taguchi method. Similar to DOE, the Taguchi method is a technique for optimizing a

q F Eap

or design using multiple p A her should always fully understand the various
experimental methods in order to properly apply them to individual studies to maximize both
the efficiency and the result of a study. The complete Taguchi methods are actually
comprised of three main phases, which are all intended to be conducted offline. These three
phases include system design, parameter design, and tolerance design. The Taguchi
parameter design stage, which is the phase used in study, is commonly referred 1o here. This
phase requires that the factors are known ant that production should be in progress. The major
goal of this phase is to increase the performance of the production process by adjusting the
controlled factors.

5.2 THE PURPOSE OF EXPERIMENTATION

The purpose of product or p develof is to imp the performance

characteristics of the product or process relative to needs and ions. The

purpose of experimentation should be to understand how to reduce and control variation of a

product or p bsequently,

affect the perfi e of a product or

4

must be made concerning which parameters

¥

A matrix experiment consists of a set of experiments where the settings of several

A4

P or p p to be studied are changed from one experiment o another.

Matrix experiments are also called design experiments, parameters are also called factors, and
the parameter settings are also called levels.

There are two methods in conducting experiments.

1. Full factorial experimental design.(Design of Experiments technique)

2. Fractional factorial experi | design.(Taguchi technigue)

In full factorial technigue all possible combinations of the inputs will be included in

experiment. But in Fractional factorial experi | design a smaller number of combinations

is sufficient. The following table shows the difference between these two designs.



Table 5.1 Comparison between Taguchi and DOE methodology

[_“ Design of Experiments Technig Taguchi technig ]
i Process Assumes no fundamental | Requires knowledge of the process
Knowledge understanding of the process being | and the interactions likely to exist
investigated between inputs
Noof Tests | Requires all combinations of inputs | Requires a much smaller number of

combinations

Noise Factors | Traditionally ignores noise factors, | Includes the noise factors in the |
but they can be added to the design

plan(which cause the number of
tests to multiply)

Variability Ignores variability and assumes a Assumes a stochastic system,
deterministic nature of the system | looking at both levels and

to find the most effective variability of the output to allow the
combinations of inputs to maximize | selection of input variable

output combinations to optimize output or

minimize variability

Confirmation | Does not require a confirming Should include a confirming

Experiment experiment, since all input experiment, because the selected
combinations were tested input combination were probably
not part of the original experimental
| plan.
Conducting matrix experi using orthogonal arrays is an important technique in

robust design. It gives reliable estimates of factor effects with fewer experiments when
compared to traditional methods such as one factor at a time experiments. Consequently,
more factors can be studied within the available resources, leading to more robust and less
expensive products.

5.3 DEFINITION OF A DESIGNED EXPERIMENT

A designed experiment is the simultancous evaluation of two or more factors

parameters for the ability to affect the resultant average or variability of particular product or

parameters (culling speed, feed rate, and depth of cut) resulting in an optimal value of surface
finish when machining MARAGING STEEL with CARBIDE INSERTS.

5.5.2 Selection of control factors

The control factors can be identified using different tools. One of those tools is cause

and effect diagram provided by ishil . The C-E diagram to obtain quality parts in turning
is constructed in fig
5.5.3 Selection of levels for the factors

To perform this step following information is needed.

e A list of control and noise factors
e Product or process technical expertise

« Product or process specification or operating limits

A minimum of two levels are required to evaluate a factors effect on a giving quality
I istic. In the beg

ing round more number of factors can be included with reduced
levels so that the size of the experiments will be minimized. After finding the influential
factors through the first round, levels can be increased to optimize the response.

The selection of parameters of inserts was based on some preliminary experiments

and from li e survey. The selected p with their levels are listed in table
Table 5.2 Factors and Level tabulation
Factors/parameters |

‘ Level 1 Level 2 Level 3 l

name
| A Cutting speed (m/min) | 223 330 350 _l
| i X 1 |
| B " Feed (mmirev) 05 | 075
i [ i Depth of cut (mm) | 1 I 2 3 Ii

The following parameters were kept fixed during the entire experiment.

1. Waork piece material ] Al 6061

2, Work piece condition 100 mm length.

3. Insert geometry CCMT 21.51 Insert
4. Insert material Tungsten Carbide
5. Cutting condition : Dry

levels of factors are varied in a strategic manner, the results of the particular test
combinations are observed, and the complete set of results is analyzed 1o determine the

influential factors and preferred levels.

5.4 THE DESIGN OF EXPERIMENTS PROCESS
The DOE process is divided into three main phases which encompasses all
experimentation approaches. The three main phases are
1. Planning phase
2. Conducting phase
3. Analysis phase

5.5 PLANNING PHASE

The planning phase is when factors and levels are sclected and therefore. is the most
If the real infl

experiment results will result in positive information is an indication of which factors and

important stage of experi ial factors and levels are selected the
which levels lead to improved product or process performance. If not, experiment will result
in identifying negative information that is, which levels will not lead to improved product or
p perfi The planning phase includes the following steps,

1. State the problems or areas of concern.

. State the objectives of the experiment.

. Select the quality ch istics and system.

PO

lected quantity ct istics and

. Select the factors that may influence the
measurement systems,

. Identify control and noise factors.

. Select levels for the factors.

. Select the appropriate orthogonal array (OA).

. Select interactions that may influence the selecied quality cb istic:

o B8 =1 v Lh

. Assign factors to OA and locate interactions.

5.5.1 Problem statement and objective

Cutting forces has been one of the most important quality measures in many

mechanical products. Thus an attempt is made to obtain an optimal setting of tuming process

5.5.4 Types of factors
a) Signal factors

These factors specify the intended value of product response.

Moise factors: factors that cannot be controlled by the designer are termed as noise factors
Factors whose settings are difficult or expensive to control are also called noise factors. The
noise factors themselves can be divided into three broad classes.

» External {environmental and load factors)

e Unit to unit variation ( f ing non-uniformity)

« Deterioration (wear-out , process drift)

b) Control factors

Factors that can be specified by the designer are under the category of control factors.

Their settings are selected to minimize the sensitivity of the prod p to all noise
factors.
5.5.5 Orthogonal arrays

In this stage one has to decide whether to go for a full factorial or fraction

Factorial experiments. A full-factorial experiment is acceptable when only a few factors are
to be investigated, but not very acceptable when there are many factors, If a full-factorial
experiment is used, there is a minimum of 2f possible combinations that must be tested (f=the
number of factors each at two levels)
The selection of which OA to use predominantly depends on these items in order of priority:
1. The number of factors and interactions of interest
2. The number of levels for the factors of interest

3. The desired experimental resolution or cost limitations.

5.5.6 Types of Orthogonal Arrays

Two basic kinds of OA’s are available. When all factors involved have 2- levels the available
arrays are L4, L8, L12, L16, L32. Similarly for 3-level the available arrays are L9, L18, L27.
The number in the array designation indi the ber of trails (different possible test

combinations) in the array; an L8 has eight trials and L27 has 27 trials, for example. A factor



OA designate the appropriate level of the factor assigned to that column to be used for that
specific trial. The following table given will be helpful in selecting orthogonal arrays for the
particular situation.

Table 5.3 Orthogonal array

-Orthogonal | Naihii | Maximum Maximum number of columns of |
number these levels
e of rows of factors 2 3 | 4 5
I L4 4 | 3 3 =T - = ||
L8 8 7 7. | = ‘ - .
L9 9 4 - 4 - -
L12 12 11 11 - - -
L16 16 15 15 - - -
L16 16 5 - - | 5 -
L18 18 8 1 q - 6
L25 25 6 - - - -
L27 27 13 - 13 - -
L32 32 31 31 - ‘ - -
L32 32 *10 1 - 9 -
L36 36 23 11 12 - -
L36 36 16 3 13 - -
L50 50 12 1 - | = 11
L54 54 26 1 25 - -
L64 64 63 63 - - -
Lo4 64 21 - - 21 -
L81 81 40 - | 40 - | #

Interaction effect of factors
Pairs of factors in an experiment may interact with one another to provide a synergistic effect

ona quahty characteristic being studied. A typical interaction plot appears in the figure. The

BTN BB s el daieiad i min ok Tasinl af frnbne A I halaa sead Ar AT

Table 5.4 Factors and location of interactions

i_. Column 2 3 4 ]
1 34 24 23
2 ' 2 14 13

B 3 5 ) : 12

If factor A is assigned at column] and factor B is assigned at column 2. from the table we can

see that the interaction will be assigned at column 3 or 4.

5.5.9 Resolution of experiments
In Taguchi technig i many i ions are confounded (mixed) with the
main effects, This is the major compromise of using Taguchi technique to reduce the number

-

of tests, some i

must be dered. By selecting correct OA we can reduce the
confounding which occurs between main effects and interactions. But Taguchi views
interactions as being of minimal interest because to utilize the interactive effect the
experimenter must control two main effects. Since one or more main effects usually need to
be lled for a prod or

complications.

p anyway, the interaction causes no additional

5.5.10 Selection of orthogonal array

Speed, feed rate and depth of cut and are the parameters selected in this work. It was
decided to study only the main effects. The number of levels used in the factors should be
used to select either two level or three level types of OA’s. The nonlinear relationship among
the process parameters, if it exists, can only be revealed if more than two levels of the

p are idered. Thus each selected p are 1dered. Thus each selected

parameters was analyzed at three levels. Hence we have to select arrays from 3- level
orthogonal arrays.

It was decided to study only the main effects t the i ions are minimal

interest. The total degrees of freedom (DOF) for three parameters, each at three levels, are six
(Ross 1996). So, a three level OA with at least nine DOF has to be selected. The L9 OA
{DOF=8) was thus selected for the present case study. The L9 OA is given in table below.
This array specifies nine experimental runs and has four columns. Speed, feed, DOC are

level, the B effect appears to be relatively small and at the A2 level, the B effect appears to be
relatively large. Similarly B's effect depends upon which level of factor A was being used.
This mutual dependency between the factors is an interaction of those factors when a two
factor experiment is conducted: there are three items that may be statistically estimated:

1. Factor A’s overall effect to change the result

2. Factor B's overall effect to change the result

3. The interaction effect of factors A and B to change the result

Statistically, these are treated as three separate items which may have their individual

strengths estimated.
¥ B2
Facior B level
El
| |
Ak A
Fig 5.1 Model interaction graph
5.5.8 Assignment of factors and location of interactions
Orthogonal arrays have several col ilable for the assigl of factors and
some col will, subsequently, esti the effect of interaction of those factors. In

orthogonal arrays, if one factor is assigned to any other particular column, a specific third

column will automatically have the interaction of those factors assigned to that column. The

pattern of which col will be i i | is known for all of the orthogonal
- B N A L a T
Orthogonal Array for L9

Table 5.5 L9 orthogonal array

| i Cutting Speed | Feed Depth of cut |
(m/min) | (mm/rev) {mm)
1. 1 | 1 1
[ 2. 1 2 2
3 1 3 3
4. 2 1 2 ]
5 2 2 3
6. 2 3 1 T
7 3 1 3
8. 3 I 2 1
9. 3 | 3 2 ]




CHAPTER 6
EXPERIMENTAL METHODOLOGY
6.1 INTRODUCTION
The second phase of design of experiments is conducting phase. In conducting phase
experiment are conducted for the selected process parameter combinations at a random order.
The conducting phase involves the following tasks.

1. Preparation of work piece

+

Procurement of insert

Conducting experiments

B oW

. Measuring surface roughness

5. Measuring cutting forces.

6.2 WORK MATERIAL PREPARATION
The work material is Aluminium Al6061. The different properties such as physical,

mechanical thermal properties and composition of Al6061 are given below.

Table 6.1 Composition of A16061

! Component || Wt % j‘
'l Al ‘l 95.8 -93,6_ B
i Cr | 0.04-0.35 |
| Cu | 0.15-0.4 |
| Fe | Max 0.7 _|
| Mg | 08-12 ﬂ]
| Mn | Max 0.15 4'
| Si 'I 04-08 1
[ Ti ! Max 0.15 |
i Zn ]_ Max 0.25 |
[_”m_f_ 005 |
[ Other total | 0.15 |
CTE,Linear ( 2500C) : 254 pm/m-°C
Melting Point : 582-652°C
Heat Capacity : 0.896 J/g-°C
Solidus : 582°C
Liquidus s 652°C

6.3 WORK PIECE
The work piece was brought as a 1000 mm aluminium rod and was cut in our (KCT)

lathe shop into 9 pieces each piece measuring 100 mm in length and 30 mm in diameter.

6.4 TOOLING
6.4.1 Cutting Tool

Due to high resistance and casy machinability for the hardened steel (AISI 52100), the
tool material chosen for the study is Cubic Boron Nitride (CBN). The tool insert is Sandvik
coromant TNGA 160404 S0 1030A 7015 with nose radius 0.4MM.PTFNR tool holder is
used which provides 5" side cutting-edge angle, 5" end cutting —edge angle, -5" back rake

angle.

6.4.2 Machine Tool Specification

A computer numerical control is used for conducting experiments. Specifications of
the HMT ECONO 26 machine are shown in Table 5.2.

R15 mm

* 100 mm —

Fig 6.1 Work material specification

Physical Properties:

Density :2.7 glec

Mechanical Properties

Brinell Hardness 230
Ultimate Tensile strength : 124 Mpa
Yield Tensile Strength 1 55.2 Mpa
Elongation at Break 1 25 %
Shear modulus : 26 GPa
Poisson’s ratio 1 033
Fatigue strength . 62.1 MPa
Machinability : 30%
Ultimate bearing strength : 228 MPa
Yield hearing strength : 103 MPa
Modulus of Elasticity : 68.9 Gpa

Thermal Properties

Table 6.2 Machine Tool Specification
|

' Make HMT 1
e | woo®

| Distance between centers i_- 1000 _J
| Feed Rate | 1-7000 m/min _|
| Spindle speed _]_ T 0- ﬁrpm— - —|
i Rapid Feed Rate T Smmin _|
] Maximum Feed Rate | 1 — 2000 mm/min _‘
| Tool Shank Size | 25X 25

| Spindle Drive Motor | - ITKW ]

6.5 EXPERIMENTAL SETUP

Experiments are conducted on HMT ECHONO CNC 26 LATHE IN PSG Industrial
Institute, Coimbatore, For different sets of machining conditions experiments are conducted
in order to obtain the surface roughness, cutting forces and temperatures. For measuring
cutting forces nine set of experiments were conducted as per DOE (Design of Experiments).
The work material is fixed to the chuck and the job is centered. The insert is clamped to the
taol holder and the necessary settings are made. The process parameters selected for the
experiments are speed, feed and depth of cut. The tuming operations are carried out with the
Tungsten carbide insert which are specified carlier. The entire experiments are carried out in

dry condition without using any coolant.

6.6 EXPERIMENTAL DESIGN
According to the Taguchi’s design an L9 orthogonal array is selected and nine
combinations of experiments are performed for the selected levels of cutting parameters

given.



Table 6.3 Factors and Levels tabulation

| Symbol | Cutting parameters Llﬁls_ o : B
1 12 13
A Cutting speed (rpm ) | 1300 1400 1500
! B Feed(mm/min ) {30_ 50 |W_ T
E Depth of cut(mm) |I i5 Tl—?g_ _'—1 — i

6.7 SURFACE ROUGHNESS MEASUREMENT
6.7.1 Surface Finish

Surface Roughness is a measure of the texture of a surface. It is quantified by the
vertical deviations of a real surface from its ideal form. If these deviations are large. the

surface is rough; if they are small the surface is h. Rougt is typically idered to

be the high freq) y,; short length component of a d surface .Rough plays
an important role in determining how a real object will interact with its environment. Rough
surfaces usually wear more quickly and have higher friction coefficients than smooth

surfaces. Roughness is often a good predictor of the performance of a mechanical component,

since irregularities in the surface may form nucleation sites for cracks or corrosion.

Although roughness is usually undesirable, it is difficult and expensive to control

in facturing. D ing the t of a surface will usually increase exponentially

its manufacturing costs. This often results in a trade-off between the manufacturing cost of a

component and its performance in application.

6.7.2 Surface Roughness Measurement

Rough may be

involve dragging a measurement stylus across the surface; these instruments include
pml'lornelers Non-contact methods include interferometry, co focal microscopy, electrical
cap and el i py .For 2D

the probe usually traces along a

straight line on a flat surface or in a circular arc around a eylindrical surface. The length of

PO T WERSSRCIIR, R Uy B

Fig 6.3 Surface Roughness testing

Technical Data

X-axis (drive unit)

Measuring range: 49" (12.5mm)

Measuring speed: 017, .02"/s (0.25. 0.5mm/s)
L0175 (0.25mmis: S-type)

I'raversing direction: Backward

Detector

Range: 13780pin (-7880pin to+5900uin)

1350um (-200pm to +150pm);

Detecting method: Skid measurement

Measuring force: 4mN ar 0.75mN (low foree type)
Stylus tip: Diamond. 90°/3pmR

(607—/2umR: low force type)

Skid radius of curvature: 40mm

Skid force: less than 400mN

Detecting method: Differential inductance

Power supply: Via AC adapter / rechargeable battery
Bautery life: Max. 600 measurements (w/o printing)

Recharge time. 15 hours

d using contact or non-contact methods. Contact methods

frequency filter that will be used to analyze the data is usually defined as the sampling length.
Most dard d that the

ment length should be at least seven times longer

than the sampling length, and according to the Nyquist-Shannon sampling theorem it should
be at least ten times longer than the wavelength of interesting features. The assessment
length or evaluation length is the length of data that will be used for analysis. Commonly one
sampling length is discarded from each end of the measurement length.

For 3D measurements, the probe is commanded to scan over a 2D area on the surface.

The spacing between data points may not be the same in both directions.
In some cases, the physics of the measuring instrument may have a large effect on the data.
This is especially true when measuring very smooth surfaces. For contact measurements,
most obvious problem is that the stylus may scratch the measured surface. Another problem
is that the stylus may be too blunt to reach the battom of deep valleys and it may round the
tips of sharp peaks. In this case the probe is a physical filter that limits the accuracy of the
instrument.

There are also limitations for non-contact instruments. For example instruments that
rely on optical interference cannot resolve features that are less than some fraction of the
frequency of their operating wavelength. This limitation can make it difficult to accurately
measure roughness even on common objects, since the interesting features may be well below
the wavelength of light. The wavelength of red light is about 650 nm, while the Ra of a
ground shaft might be 2000 nm.

6.7.3 SurfTester

Mitutoyo SI 201 Surftester is a surface roughness measuring device which is provided with
exchangeable diamond stylus of radius of Sy, which sensing the horizontal and vertical
deflection from any surface gives roughness value. It has a graphic LCD display which
directly gives a surface h value of

d surface, We have obtain the reading in
terms of Ry

The surface readings take during the study:

Table 6.4 Experimental readings

SPINDLE | FEED | DEPTH |  EXPERIMENTAL v.awr:s_i AVERAGE |
SPEEDV | RATEf ‘DF CcUT |T|wL1 [ TRAILZ [ TRAIL 3 VALUES |
| (rpm) | mm min~ | (mm) | 1| I (Ra) |
] S
[1260 ‘| 30 | 0.50 170 172|168 1706 |
[1200 130 [0.75 2.26 [242 (218 2286 ]
[1z00 |30 | 1.00 [5.36 [5.42 1540 5393 |
1200 |50 [0.50 272 [2.78 2,66 12720 |
1200 50 0.75 2.36 2.40 234 [2.366 |
200 50 1.00 448 342 (2.6 [4.460 1
1200 | 70 0.50 2.52 2.56 12.56 2.546
1200 70 0.75 1.62 158|172 1680 |
11200 70 1.00 1.98 2.04 II 2.00 i 2.006 ;
[ igod 30 0.50 3.56 3.66 362 [3.613
ﬁa [30 0.75 2.54 2.50 [2.58 [2.540
0 30 1.00 5.78 5.74 ['5.80 5773 B
| 13a) 150 | 0.50 2.06 2.14 2.14 [2.113 |
1300 [50 [0.75 2.04 2.12 2.08 [2.080 ]
1200 50 1.00 4.86 | 4.83 4.92 4.890 i
| 1200 70 0.50 [1.70 [1.78 [1.78 1.753
[ Bay 70 0.75 12.26 12.18 12.20 2213 |
1200 70 | 1.00 1232 1228 2.40 12333
1500 30 | 0.50 212 1220 2.28 [ 2:200 ]
1500 30 0.75 298 13.00 3.26 | 3.080 E
1500 30 1.00 1542 | 5.36 [5.51 | 5.760 1
1500 50 0.50 1332 13.26 [ 3.66 13.413 |
1500 50 1 0.75 13.68 13.76 1354 | 3.660 1'
1500 50 [ 1.00 4.96 [ 4.98 1493 [ 4.956 =
1500 70 l'0.50 2.86 a7 | 2.89 1 2.840 |
| 1500 | 70 10.75 1268 1276 1274 12.726 4
[ 1500 [70 [1.00 [5.10 [492 [5.00  [5.006 |




CHAPTER 7 STEP 2: Select Taguchi method for analyzing the data. Afier which we have to select L9
orthogonal array, since we have 3 levels and 3 factors to be considered.

OPTIMISATION USING DESIGN EXPERT

The optimization of the cutting parameters is done using the Taguchi technique which
employs the L9 orthogonal array for our purpose. This optimization can be accomplished
using the Design- Expert software which is one of the most widely used statistical software,
The optimization can be finally developed using the interaction graph generated at the end of
the process.

7.1 PROCEDURE

s s s g

STEP 1: Open a new file in the Design- Expert sofiware T e e e

S i g £ S
Haarems

Fig 7.2 Design- Expert software procedure

STEP 3: After select the L9 array, input the response which our case is “ Surface roughness”™ .
mention the unit for the response and the signal as 2 and noise factor as 0.5 and continue

2
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Fig 7.1 Design- Expert software procedure
Fig 7.3 Design- Expert software procedure
STEP 4: The L9 y i - . , A ) : )
Tho L% arvay il Bo-guuipedyte scientod of 1 factars, in our case we only have 3 STEP 6 : Arrange the array in standard order before input in the data into the columns

so delete the factor 4 column from the standard L9 array.
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Fig 7.4 Design- Expert software procedure

Fig 7.6 Design- Expert software procedure

STEP:5 Feed the factor details by right clicking the respective columns .The feeding the data
mention the number of levels, the unit of the factor, this is to repeated for the other

2 factors as well. STEP 7: Input the low and high values of the factors and clicking factor information.
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Fig 7.7 Design- Expert software procedure



STEP 8: The factor details for each run and the corresponding surface finish values are fed
into the orthogonal array and then click evaluation .This will begin to analyscs the data fed
into the array.
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Fig 7.8 Design- Expert software procedure

STEP 9: The interaction between the factors must be specified to get the various graphical
notations.

mp—r——

I e o |
Croee [0 =]

v | Pomnp

[ 1.2 ooy
L omonotms
S Rewamton

(R gee—

[ LI ston o

Frpe—

I Wamarcal

1 Iy oreel
L pore macteren

Fiz 7.9 Desien- Exnert software procedure

CHAPTER 8

MATHEMATICAL MODEL USING QUALITY AMERICA

DOE —PC IV Version 3.01 (008) by Quality America is a tool that facilitates in the carrying
out of design of experiments . To create the design , the factors that influence the process and
their levels are entered . The feasible designs are displayed along with the most efficient one

8.1 PROCEDURE

Step 1 : Open a new file in DOE-PC IV

Wootren alitiz
T I8 hn O Wk e
3
o

E

Fig 8.1 Quality America DOE software procedure

STEP10: The various interaction graphs for various factors can be obtained, by selecting the
“model” options . The different representation of the graphs can be got by selecting
the appropriate options in the software.

Datigr-Expant® Soffwara . __Interaction
| Surface Roughness a2 ©: dopth of cut S
|
| ® Design Paints e
| aps — - |
e | -
c
X1 = A: Spindle speed 5
X2 = C: dapth of cut 2 i — |
2 e
| Actual Faclor * - -
B: feed rate = 50 §
& | "
|
| I ol
| | R

] nigs 1300

| A: Spindle speed

]

Fig 7.10 Design- Expert software procedure

STEP 2 : To input the parameters choose the *Add parameter’ option in the Edit tab.

WsoLrcn
T U e Oy e i

Fig 8.2 Quality America DOE software procedure

STEP 3 ; The main factors are named and their levels indicated




STEP 4 : The limits and the units for the factors are then specifies
s are then specified STEP 6 :To create the Main Factor Interaction Array click on the option in the Action tab
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IR S |

| =
] =]
= [ e e

Fig 8.4 Quality America DOE software procedure Fig 8.6 Quality America DOE softw s
X 3 yare
STEP 5: After indicating the infl ing fz s . the re ’ .
> £ indicating the influencing factors , the response needs to be specified . STEP 7 : To obtain the Main Factor Interaction Array , complete the Populate Interaction
i Array according to your factors .

STEP & : The Main Factor Interaction Array is created . To create the Design array , select
the option in the Action tab .

e Fig 8.10 Quality America DOE software procedure

Fig 8.8 Quality America DOE software procedure

STEP 9 : Dependi the number of runs . choose the design ty
RECiE O IEODSE IR S RIGORERS il STEP 11 : Select the randomization option according to your needs.




STEP 12 : Now to build the analysis array , choose the option in the Action array .

oot

STEP 14: The respective values for the factors are entered in to the columns .
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Fig 8.12 Quality America DOE software procedure : af

Fig 8.15 Quality America DOE software procedure
STEP 13 : The final design array is created .

o i e STEP 15 : To create the mathematical model select the option in the Action tab.
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STEP 16 : The mathematical model can be generated through 2 methods . On selecting the
backward elimination method the mathematical model will be better optimized
with lesser number of variable .

STEP 17 : The mathematical model is thus created
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It evident the surface finish decreases with decrease in spindle speed.
It is also evident that the surface decreases with decrease in feed rate.

9.3INTERACTION BETWEEN DEPTH OF CUT AND SPINDLE
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CHAPTER 9

ANALYSIS AND RESULT DISCUSSION

The optimization to find the ideal machining conditions was one using the Design -
Expen soft The ideal dition must be found using the interaction graph ra!.hcr then
using the individual graphs. We get a total of 9 interaction graphs for 3 interactions at 3
different levels.

9.1 INTERACTION BETWEEN FEED RATE AND SPINDLE SPEED

rmwimnesm‘ Interaction .
T B feedrale
Surtace Roughness e | |
L R R i |
m R - '!
A E2W % Lk BRPS |
. B H | - . |
K12 A: Spindie speod % | et |
X2 = B fead rale . -~
= 1 Sidg
Actusst Factor £ I _—
©: dapth of cul = 0.5 S | -
1
1
| |
- |
Y |_ |
T T
1o e 8

A: Spindie spaed ]

Fig 9.1 Interaction between feed rate and speed at DOC =0.5
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Fig 9.6 Interaction between speed and DOC at feed rate 70

9.4 INFERENCE

It is evident that the surface rough d with d in spindle speed.

It is also evident that the surface roughness lowest at 0.75 level with maximum value
reached at DOC = 1




9.5 INTERACTION BETWEEN DEPTH OF CUT AND FEED RATE

Design-Expart Softwars
Surface Roughness

® Dasign Points
= C105
acC2073
*Ci

X1 = B: foed rate
X2 =C: depln of cut

Actual Factor
A Spinde spead = 1500

Surface Roughness

| | e

[ |
i . |
& , !

Fig 9.7 Interaction between DOC and feed rate at speed 1500 rpm
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Fig 9.8 Interaction between DOC and feed rate at speed 1400 rpm

Table 9.1 Optimization table

Surface .
: Specified level of -
S.No | Interaction Rm(:fll::;tss the varying factor Occurring Conditions
02 1300 (30,075)
Feed rate
& 22 1400 (30,0.75)
1 Depth of cut
2 1500 | (30,0.75)
1.1 0.5 (30,1300)
Feed rate —
&
Spindle 02 0.75 (30,1300 )
v speed
) | 1 (30,1300 )
0.2 30 (0.75,1300)
Depth of cut
& 19 50 (0.75,1300)
3 srp cad
| 235 | 70 (0.75,1300)

9.8 CONFIRMATORY TEST FOR SURFACE ROUGHNESS

Table 9.2 Confirmatory test readings

| - Surface
Spindle speed Feed rate
Trail no | DOC (mm) Roughness in
(m/min) (mm/min)
Ra (pm)
1 1300 30 5 1.213
2 1300 30 ) 1.209
3 1300 30 A5 | 1.204

It is evident from the above Table 9.2 that the surface roughness values resulted by setting the

ptimized value of p

lie b the

d limits.
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Fig 9.9 Interaction between DOC and feed rate at speed 1300 rpm

9.6 INFERENCE
It is evident that the surface rough il with d in feed rate.
It is also evident that the surface roughness lowest at 0.75 level with maximum value reached

aaDOC=1

9.7 OPTIMIZATION OF THE PARAMETERS

The lowest surface roughness values from the above 9 graphs is taken and tabulated with the
oceurring conditions in all cases and it is clearly seen the lowest surface roughness oceurs at
the following conditions:

Spindle speed  : 1300 rpm
Depth of cut : 0.75 mm
Feed rate : 30 mm/min.

The tabulation is shown in the following page.

9.9 ANALYSIS OF VARIANCE

The analysis of variance ANOVA was done using the MINITAB software.

The percentage contribution of each factor for surface roughness can be calculated by the
ANOVA technique .A three-Way ANOVA is performed for the average surface roughness
values and the contribution for each cutting parameter can be seen in the table 9.1

Table 9.3 ANOVA table
Source S8 DOF Foa | Fran | P
| Speed 5.6595 2 869 | 19 0.103
Feed 3.3727 2 5.18 19 0.162
DOC 6.5907 2 10.11 19 0.090
Error | 0.6516 2
Total | 162745 | 8 ]

S5-sum of squres ; DOF- degrees of freedom; Frag — F Table value ; Feal- Variance ratio ; P-

Percentage of combinatiion

It is clear that the feed rate has a lot of effect on the surface roughness.
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Fig 9.9ANOVA table using MINITAB software



9.10 REGRESSION MODEL
Regression analysis is a part of statistics that deals with the investigation of the

relationship between two or more variables. Simple linear regression examines the linear

lationship b two i iables: one resg (y) and one predictor (x). When
the two variables are related, it is possible to predict a response value from a predictor value
with better than chance accuracy. Regression provides the line that ‘best’ fits the data. This
line can then be used for two reasons one is to examine how the response variable changes as

the predictor variable changes and the second is to predict the value of a response variable (y)

for any predictor variable (x). In statistics, regressi analysis e the relation of a
lependent variable (resp iable) to specified independent variables (predi The
mathematical model of their relationship is called as regression equation. The depend

variable is modeled as a random variable because of uncertainty as to its value, given values
of the independent variables. Regr
more response variables (also calied dep

ion analysis estimates relationships between one or

1,

variables, y variables, and control

variables).

Multiple linear regression analysis is done using MINITAB software which predicts
surface roughness as a function of the input cutting speed, feed and depth of cut. Multiple
linear regression analysis is done using MINITAB software which predicts surface roughness
as a function of the input cutting speed, feed and depth of cut. The regression equation is
Surface roughness Ra (m) = -12+ 0.00970 speed -0.0292 feed + 3.86 DoC
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CHAPTER 10
CONCLUSION

e Surface roughness is optimized using Taguchi technique and the optimum cutting
levels found from this experimental study are.

* Cutting speed = 1300 rpm

« Feed rate = 30mm/min

* Depthofcut =075 mm

* Using ANOVA technique the parameters that most affect the surface roughness is
found to be feed rate

* The regression equation was formed using Taguchi technigue.

e [t is found that the required surface finish could be obtained in a single run using
hard turming and complete remove the post tuming operation of grinding. Thus

saving considerable amount of cost.

10.1 SCOPE FOR FUTURE WORK

To continue this project work, the following suggestions are made for the improvement
of the project.

« The effect of cutting | and tool g

y on surface roughness, cutting
forces and tool wear can be investigated for different CBN cutting grades and
hardness of work material.

« Multi-ohjective optimization can be done for reducing tool wear and maximizing
surface finish.

» Effect of tool wear on surface roughness, cutting forces can be studied for various
values of cutting parameters,

® Thickness of while layer can be caleulated for different cutting conditions.

* A model can be developed to calculate the residual stress at various depths of cut
*  The same analysis be also be done by considering the full factorial method with

more parameters.

9.11 MATHEMATICAL MODEL:

The math ical model was di

ped using Quality America Software using the Design of

Experiment as factorial method with 20 runs so as to develop a more comprehensive model.

9.11.1 Complete mathematical model

Surface roughness = 79.404 = (- 3.915 ) A+ (-0.105 ) B+ (- 0.267)C + (-4.857T)A7+ (|
0.000 ) B+ ( 0.002)C* +( 0.012) AB+(-0.141 ) AC + ( 0.00 } BC

—

9.11.2 Mathematical model through backward elimination model

rSumm roughness = -2.690 + (0.005) B+ (- 0.124) C + (0.002) C* + (-0.037) AC

9.12 ADEQUACY TEST:

S.No Criteria [ Model value F-Table vale Validity |
1 Foid <F ue 2273 51922 vaid |
2 | R model™ R wabie 5429 amst 1 valid

Table 9.3 Adequacy test
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Machined rods

Surface roughness of the machined area being measured

APPENDIX

Specimen rod being cut into smaller lengths

Metal being machined in the CNC turning center



