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CHAPTER -1
INTRODUCTION

1.0 The History of Metal Cutting

The history of metal cutting dates from the latter part of the eighteenth
century. Betore that time machine tools did not exist and the extract from the diary of
the English Engineer, Richard Reynolds was attempting to produce a cylinder for fire
engineer for drawing the water from a coal pit.

In 1976 James Watt built the first successful steam engine and one of his
greatest difficulties in developing this machine was the boring of the cylinder casting.
Later Johan Wilkinson has invented the horizontal boring machine. This boring
machine was first effective machine tool and it enabled James Watt to produce
successtul steam engine.

Metal cutting as we know it now started with the introduction of this first
machine tool. Today machine tools form the basis of our industry and are used either

directly or indirectly in the manufacturing of all products of modern civilization.

1.1 History of Research in Metal Cutting

Research in metal cutting did not start until approximately 70 years after the
introduction of the first machine tool. It is not proposed to give a complete history of
research in metal cutting but to indicate some of the more important steps that have
been made.

According to finenie, who published a historical review of work in metal
cutting early research in metal cutting started with Cocqulhat in 1851 and was mainly
directed towards measuring the work required to remove a given volume of material
in drilling. In 1873 tabulations of the work required in metal cutting were presented
by Harting in a bowl that seems to have been the authority the work on the subject
several years.

The scrap removed during the cutting of metal are called chips and the first
attempt to explain how chips are tormed were made by the time in 1870 and the
famous French scientist Tresca in 1873, some years later, in 1881, Mallock suggested
correctly that the cutting process was basically ol shearing the work material to form
the chip and emphasised the importance of the effect of friction oceurring on the

cutting tool face as the chip was removed.



Fmeme reports that step backward i the understanding of the metal

cutting process was taken in 1900 when Reulauy suggested that a crack occurred
ahcad of the tool and the process could be linked to splitting of wood.

About this time the famous paper by F'aylor was published, which reported the
results of 26 years of research mvestigations and experience. Since 1906 when
Taylor's paper was published, empirical and fundamental work has been carried out

since and the pubhication of the well known paper by Emst and Merchant in 1941,

dealing with mechanics of the process.

1.2 Introduction to Milling Machine

A milling machine is a machine tool that removes metal as the work is fed
against a rotating multipoint cutter. The cutter rotates at a high speed and because of
the multiple cutting edges it removes metal at a very fast rate. The machine can also
hold one or more number of cutters at a time. This is why a milling machine finds
wide application in production work. This is superior to other machines as regards
accuracy and better surface finish, and is designed for machining a variety of tool
room work.

The first milling machine came into existence in about 1770 and was of
French origin. The milling cutter was first developed by Jacques de Vasucanson in the
year 1782. The first successful plain milling machine was designed by Eli Whitney in
the year 1818. Joseph R Brown a member of Brown & Sharpe Company invented the

first Universal milling machine in the year 1861.

1.3 Classification of Milling Machines
1.3.1  Column and Knee-Type Milling Machine

Column and Knee-type milling machines are characterized by a vertically
adjustable worktable resting on a saddle which is supported by a knee. The knee is a
massive casting that rides vertically on the milling machine column and can be
clamped rigidly to the column in a position where the milling head and milling
machine spindle are properly adjusted vertically for operation. The plain vertical
machines are characterized by a spindle located vertically, parallel to the column face,
and mounted in a sliding head that can be fed up and down by hand or power. Modern

vertical milling machines are designed so the entire head canalso swivel o permit
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1.3.2 Vertical Milling Machine

Vertical milling 1 ne i
& machine is so called, because of the vertical position of the

cutter-spindle. The tabl / ;
ufter-sp © movements are horizontal, transverse and vertical In this
case, over-arm is small ' . ”

as and provides a strong support for the spindle The spindle can
he moved up and dov : ~ . .

o¢ m p VN to perform the operations Generally vertical milling machine

s used to perform end milling and face milling operations (Figure | 2)

Figure 1.2 Vertical Milling Machine
1.3.3 Ram-Type Universal Milling Machine
The universal ram-type milling machine is characterized by a spindle mounted
to a movable housing on the column to permit positioning the milling cutter forward
or rearward in a horizontal plane. Two popular ram-type milling machines are the

universal milling machine and the swivel cutter head ram-type milling machine

(Figure 1.3).



Figure 1.3 Ram-Type Universal Milling Machine
1.3.4 Universal Milling Machine
It1s simular to the plain mulling machine, with the difference that the table is
placed on the swivel 1s placed on the saddle Because of the swivel, the table and
hence the job can be fixed at a desired angle, so that inclined cuts can be taken and
hence the helical gears and drilling flutes are easily cut by machine This type of

machine 1s essennally a tool-room machine used for very accurate work (Figurel 4).

Figure 1.4 Universal Milling Machine
1.3.5 Planar-type Milling Machine
The usual feature of this machine are that of planar Actually 1t 1s a planar
adopted for doing mulling operations on very big jobs Table movement 1s shghtly
slower than actual planar In place of tool head. milling heads are mounted on the
¢ross-rails of planar Rotating cutters of the milling heads do milling operation on the
10bs The vanable table feeding movement and the rotating cutter are the principle

features that distinguish this machine from the planar (Figure 1 5)



Figure 1.5 Planar-type Milling Machine
1.4  Tvpes of Milling Operations
1.4.1 Peripheral Milling
In penipheral (or slab) milling. the milled surface 1s generated by teeth located
on the periphery of the cutter body The axis of cutter rotation 1s generally mn a plane

~z7zllz] 1o the workpiace surface to be machined (Figure 1 6)

Peripheral Milling

r 15 mounted on a spindle having an axis of rotation

DErpendicdsr 10 the workpace surface The mulled surface results from the action of

e R T X U S s R

+he periphery and tace of the cutter (Figure 1.7).
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Figure 1.9 Up milling process
1.5.0  Dewn Milling

Down mulling s also refermad to as chimb mulling. The direction of cutter rotation 18
came as the fead motion. For example, if the cutter rotates counterclockwise . the

workprece 1s fad to the nght in down milling (Figure 1.10).

Figure 1.10 Down milling process
The chip formation in down milling is opposite to the chip formation in up
milling. The figure for down milling shows that the cutter tooth 1s almost parallel to
the top surface of the workpiece. The cutter tooth begins to mull the full chip
thickness. Then the chip thickness gradually decreases.
1.6 Nomenclature of End Milling Cutter
er with two flutes and its nomenclature 1s shown in Figure

An End Mill cutt
1.11.

Figure 1.11 End Milling cutters
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1.7 Shank

The shank is the cyhimdrcal (non uted) part of the ool which s used o hold
and locate 1t the ool holder A shank may be pertes ty round, and held by riction,
or it may have a Weldon Flat where a prub screw makes contact for mereased torgue
without the tool slipping. The diameter may be different from the diameter of the

cutting part of the tool, so that it can be held by a standard tool holder

1.8 Cutting Fluids

1.8.1  Purpose of cutting fluids

There 1s a wide vanety of cutting Tuds available today. Many new coolants

have been developed to meet the needs of new matenals, new cutting tools, and

. . he po HS mye operations must be to )
new coatings on cutting tools. The goal of machimmg operations imu b to improve

productivity and reduce costs. This 1 accomphished by machimmyg at the haghest

practical speed while maintamning practical tool hife, reducing serap, and producing

parts with the desired surface quality. Proper se lection and use of cutting fluids can

help achieve all of these poals.

In machining almost all of the enerpy expended i cutting s transtormed mto
heat. The deformation of the metal to create chips and the fnction ol the chip
shiding across the cutting (ool produce heat Ihe primary function of cutting fuids
i5 10 cool the tool, work prece. and chip, reduce tnction at the shiding contacts, and

whesion on (the contact edypes that causes a bunlt

prevent or reduce the weldimg ord
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Lubrication

In a typical nl.'u'lnnmy_ Operaton, two-thirds of the heat ig created by the
resistance of the work prece atome 1o being sheared The

friction of the chip sliding
creates the othe

over the cutting oo face rone-third of the heat

4

v

-

Cutting luid with pood Tubrication qualities can reduce the friction of the )

chip shiding over the tool face. The lubrication actually changes the shear angle, w

which reduces the shear path-and produces a thinner chip. Good lubric

ation also
reduces internal friction and heat through less molecul

ar disturbance.

1.8.2 Types of cutting fluids |
‘ “main categories: straight cutting oils, water
Cutting Muids can be broken into four main categ ¢ ‘
J id lubricants. Two of the three (chemical-
miscible fluids, gasses, and paste or solid lubric: “
il ater. Water quality has a large effect on the
based and emulsions) are primanly water. o e
: ’ can cause rust, stains.
l W that 1s very hard (high mineral content) can cause :
Loolant. Water that 1s ca | |
ater ¢ > detonized to remove the
' f hines and work picces. Water can be
LOrosion of mac .
Mpanties and minerals | I
. > best ability to carry hea away,
\ he best fluid for cooling. It has the best ability
Vater 15 the bes
| CAUSCeS rust
fcant and causes rus
Water however, 15 a very poor lubricant a

. Oil 15 also flammable. Yoy
but very poor for cooling
ahon )
Ol preat for lubrica




g 'n¥F 4 T i e W”“ e

oy ey 2 il £ S

j o Pes Ml sy e

J il s Py
p—— ik i A Sy Wt AT 5 AR |

iy L by S W . MR i G A+ AR T Bas RS

s Ay Y ik . Yk Bk G W o G R e R R A

.2

I Y S TR e D Ll L AR hs < =
f I PM AT A, O e S A AR -
ey s . e e Bt R DS PR AT T a=

G inis g S P b o Gl TR PECSNE SDEE

K b I . . S A i emEtseey i T 1 BOCOERET ¥

S A W T 5D L i e oMl e Rk

! pidon & T sl
S M A Seobe Jgtay lwss e Sfon Tuas =

.

i< pi p ). Ry, Wk AL VT e @« o es mx e

v‘ﬂquWx:nzmzz:nnimm

ks - awild

B WA TS THE M DTS hETECETISIT RSt O SIS

s e A peaaihe LoD oNGEDN T TITTTE ATOm
ARG sl

e cucmra —ony luen Ee SSGES o fuup W WM DE TUCRET R
SOl aut o EmTCEmT QUSRS SN

Ty fane exceley TS TR I RO

(P CERT SE OAIR YE@mITnS

Summe coman suifr o SheoTHE SRS

Seii-cpenica { aatan™
B . gpor o @ Chewmcs Dok IR @ Tenusues
Trs mER X M QIR macl

- : . . i o
—u?} nBaVe 3 oW Dt Soanesy wmm&ﬁﬁ me




smaller. They have moderate lubrication and cooling and high rust inhibition

propertics. Sulfur, chlorine, and phosphorous are sometimes added to improve the

extreme pressure characteristics.

Straight Cutting Oils

Straight cutting oils are ney mixed with water. Cutting oils are generally
mixtures of mineral oil and animal, vegetable, or marine oils to improve the wetting

and lubricating properties. Sulfur, chlorine, and phosphorous compounds are

sometimes added to improve the lubrication qualities of the fluid for extreme pressure

applications. There are two main types of straight oils: active and inactive.

Inactive Straight Cutting Oils

Inactive oils contain sulfur that is very firmly attached to the oil. Very little
sulfur is released in the machining process to react with the work piece. Mineral oils
are an example of straight oils. Mineral oils provide excellent lubrication, but are not
very good at heat dissipation (removing heat from the cutting tool and work piece).
Mineral oils are particularly suited to nonferrous materials, such as aluminum, brass,
and magnesium. Blends of mineral oils are also used in grinding operations to

produce high surface finishes on ferrous and nonferrous materials.

Active Straight Cutting Oils

Active oils contain sulfur that is not firmly attached to the oil. The sulfur 1S
released during the machining operation to react with the work piece. These oils have
good lubrication and cooling properties. Special blends with higher sulfur content are
available for heavy duty machining operations. They are recommended for tough low
carbon and chrome-alloy steels. They are widely used in thread cutting. They are also
good for grinding as they help prevent the grinding wheel from loading up. This

Increases the life of the grinding wheel.

Gasses
Cutting oils and water miscible types of cutting fluids are the most widely used.
Gasses are sometimes use. Compressed air and inert gasses are sometimes used

Carbon dioxide, Freon, and nitrogen are also used sometimes.

13
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paste and Solid Lubricants

Waxes p.l.‘\h‘

arc y
directly into i oo
exnerenced journe
].8.4 Benefity
Details a

presented in Table

Improve Part

senerally apphied

S soaps. graphite and molybdenum disulfide may be used. These
directly o the work prece or tool, or in some cases, impregnated
Losuch as a prinding wheel, One example would be lard. Many
YIICH 1eCOmmen

I lard for tapping.
of cutting fluids in milling

bout various benefits of using cutting fluids while Milling is
Il

Table 1.1 Benefits of cutting fluids

'The use of cutting fluids reduces friction and heat. The removal
1
| of the heat prevents the work piece from expanding during the

Quality imachining operation, which would cause size variation as well
'as damage to the material s microstructure.
- | p
{Proper use of cutting fluids increases tool life, which reduces the ‘
Reduce tooling | . ) -
'tooling costs. Increased tool life also reduces tool changes and (
costs : :
downtime which decreases labor costs. .
Increase C utting tools reduce friction and heating a machining operation.
Cutting Speeds | This allows high speeds and feeds to be used to achieve optimal
and Feeds cutting conditions.
lmprov:aa” Effective use of cuttng fluids helps remove the chips. This
Surface prevents the chip from being caught between the tool and work
Finishes picce where it causes scratches and a poor surface finish
o Bacteria can drastically affect cutting oils. Bacteria growth can
Reduces ‘ (i a cutting flud rancid Additives i coolants help reduce the
Bacterial I effects of bacteni, but it important that pure water is used for
‘Growth ‘

%jmul.nn YRS
I
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Rust and Cutting fluids should protect the tooling. machine. and Wwork
Corrosion piece against rust and corrosion. Cutting fluids should leave 2
Prevention small residual film that remains after the water has e zporated

1.9 Surface Roughness
Surface roughness plays an important role in designing and manufactunng

vanous components used in automobile. aerospace. machine tools etc.

Surface roughness is the measure of the finer surface iregulantics the

surface texture. The final surface depends on the rotational speed of the cufier.
velocity of traverse. feed rate and mechanical properties of work pieces being
machined. Surface roughness also plays a significant role in determining and
evaluating the surface quality of a product. Because surface roughness affects the
functional characteristic of products such as fatigue. friction. wearing. light r flechon.
heat transmission. and lubrication, the product quality is required to be at the high
level. While surface roughness also decreases. the product quality also INCTEASES.
Figure 1.5 indicates the surface roughness structure after any cutting process with
their terminology. The surface roughness describes the geometry of the surface w0 be
machined and combined with surface texture. The formation of surface roughness

mechanism is very complicated and mainly depends on machining process .

Lay direction
Flaw /// ~

Waviness K _

18]
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Figure 1.12 Nomenclature of surface roughness
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CHAPTER-II
LITERATURE REVIEW

This ohapter dosembes the works reportad by various researchers on various

» n - N N
milhng PROVSS

sgdor rain. o al. 1] observed the effect of different parameter like cutting speed.
fod and Teke angle m Swrface roughness. They compared the result of regression
madchng and genetx slgontm
\_ Tamdon et al. [2] presented @ new spproach to optimizing the cutting conditions in
né millme (foad =d spead) subject ©© 2 near to comprehensive set of constraints.
The onomal s of scventeen constraints was reduced to an equivalent set (of only
frec aguanons). NeXL 2 produchon Ccost objective function was used to define the
aEEmeler 1 opimize (m this caseminimize). An algorithm for PSO was then
devalopad and wsad w0 robustly ad efficiently find the optimum cutting conditions.
Both fead and spead ware considered dwring optimization. The new technique has
evers] adEnteess 3nd henetts and s suitble for use with ANN based models.
IN. Tansels. er 2l [3] hzve 1=ken thres parametsrs namelv cutting speed. feed rate
s —w for millime process and applied ANN. They obtained good

d radiz] Gopth of o © =
rediced 2nd acms! values. Respoose surface methodology is

T, e ;e
AUTCONTTI. DOiwWoos

) ; . s .
another 1achmicne aophad Dy ressmchers IoT developing predictive modeling for

Sriace ronshnass

T vemen: in comventional milling process
't s A o e NS [ COOVENIOOA! MINING PrOCESS

Baskar, er al [4] showmad sSomhoEn 5%

oo

-oovennonal opumization techmiques. They

A - s bram ] L--
2 - resulys obtamed om fand hoolks.

for the swstematic design of condition

, . ot eachinime opErziioas. 1 hoe research is based
MONitorne cven for mackine ool 2 mACmIng NPT AL ch 1s bas

d for the on-line optimization of the cutting

{ —_ ] s f"x"' o) i§ 1 e
D Mmihsing the gepsiac OPIT o ERS
. 3 s wons! nrocessine and for th Attt -
Arore y o 3 o reeeerzn for the Signal processing anc tor the detection of
sdEamsters and 1 GeNgn 2 O



. \ wotor milhing process \
aalt condiion R pProcesses, ( : ‘
1 Ut parametors and the measured catting,

e e selectad mthas K nw - .
faees AN select this work as an apphication of the Mroposed approneh

akisy sarn ot al, ' o

prakasvudhisarn et alo 6] inttoduced the new approach consist ol two parts et

one 1 maching learnimg techanique ealled support veetor machine to prediet the surface
\ WN ¢ NSt e Dot T L i

wughness andsecond one s Patiele swa optimization technigque for paramete

oplmu:;\tmn

zavel et al 7] proposed a harmony seareh (HS) algorithi to estimate the optimum
cutting. parameters tor multi-pass tace-milling process (0 minimize total production
cost. Matnly tour cutting pavameters namely cutting speed, teed depth of cut/pass and
number of passes are constdered i their work, Harmony search algorithim has given

sipmficant mprovement neresult as compare to GA,

Asif 1gbal ot al. |8] applied a fuzzy expert systen in high speed milling process. The

objective is to predict tool lite and surface tinish by optimize different parameter.

G.H. Qin [9] wvestigated the procedure that integrates the cutting lorce module
consiating of caleulating the instantancous uncut chip thickness (1UCT), calibrating
the instantancous cutting toree coetlicients (1CTFC) and the cutting process module

consisting of caleulating the cutting contiguration and statie torm errors, [t used to

chaek the process reasonability and o optimize the process parameters for high
precision milling. Comparisons of the cutting torces and form crrors obtained

numerically and experimentally contirm the validity of the proposed simulation

procedure,

Ouwubolu, et al. [10] however used the

Cutling parameters in multi pass mulling
context. From the review of various papers. the optimization on milling process has
Started only in recent past. Most of the rescarchers in were using soft computing based
sood results. The literature related to milling

optimization methods and  found
ation of surtace roughness,

Optimization is mainly concerned with minmz

Iribes optimization for determination of

process (o obtain better results for a particular

i3

~r



' et al, [11] intr vod a ne L
qu““i' al. [11] mtroduced a new optimization method known as Teaching -

1A% ]

l‘c:n‘mng J3ased
» | ) N » Ny , . . \ ‘ -
design problems and given effective and efficient result compared the

{ Optimization (T Thic ,
| jon (TLBO). This algorithm has not only solved many

pench mark

result with othet non-traditional optimization techniques such as PSO, ACO, SA GA
oe, The results are compared for different performance criteria such as success rate,
mean solution, average number of function evaluations required, convergence rate.

etle.

Oktem et al. [12] observed closeness in the results between experimental and
predicted values in end milling process. They used neural network and genetic

algori thm.

T.Hayajneh et al. [13] performed set of experiments to begin the

milling process. The objective of this
ng feed

Mohammed.
Jcterization of surface quality for the end-
nding of the effects of spindle speed. cutti
multiple regression

char
study is to develop a better understa
n the surface roughness and builded a

rate and depth of cut o
peed, cutting feed and depth of

| which included the effect of spindle s

model .the mode
icted the surface roughness values with an

cut, and any two variable interactions, pred

accuracy of about 12%.

H.Z.Li et al. [14] presented an experimental study of the tool wear propagation and
ations in the end milling 0
k wear was the predominam failure mode

f Inconel 718 with coated carbide inserts.

cutting force vari
Results showed that significant flan
ank wear propagation 1
The cutting force variation was also

affecting the tool life. The tool f1 1 up-milling operations was

more rapid than that in down-milling operations.

nal effects could b
ropagation was resp

analyzed. While the ther e a cause for the peak force vanation
onsible for the gradual

the tool wear p

within a single cutting pass,
ive cutting passes.

increase of mean peak force in SUCCess

[15] introduced the concept of flute engagement. The
ry cutting position affects the cutting forces

onal to chip thickne

Wen-Hsiang Lai et al.
on ¢ve

es are proporti ss and chip

nstant . .
Istantancous dynamic radil

diree . .
Ireetly since the stimulated forc
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hickness 15 3 function of dynamic radn and federate Lengths of the engaged flutes 13
sifected DY factors 1n aval feed and rotational dircctions The influence of dynamic
cadil, cuthing feed ratc | radhal, axial depth Of@h arc discusased

yang Yang ¢! al. [16] discussed the influence of surface roughness on the functional
properics of the product. A method based on gene expression programmung (GEP)
has been proposed to construct the prediction model of surface roughness. [t combines
ihe advantages of genetic algorithm (GA) and genetic programmung (GP) The
experimental results show that proposed approach has achicved  satisfactorny

impros ement

JW.Sutherland ot al. [17] created a dynamsc model for the cutting forces system
This model described a) the dynamic transverse respomse of the end mill via a
distributed parameter model b)) The chap load geometry ©) dependence of cutting
forces on the chip load The modd » verifind eough comparisons of model
predicted cutting force sgnaly with measarad Cuttmg b cs obtaned from max hining

experuments

KA. Abou-F1-Hosseln et al. (18] ropontad an o permental study on performance of

mult-layered (TN THON) carbide inscorts doveloped for cnd-eulling of AIST 304

samnbess stoels In this study, the possibic fashure msodes of ol wear were discussed

and the cffect of cutting spood and food rale vanabwn of WOl wear modes was
meshigated  The most oplunum cutling
sngle end mill was established 1 ferms Of MANURUT

hfs

paramctcr [o enxi mulling operation usang a

1 procuctivity and max murm tood

Anns  arla Araujo et al [19] ‘_1““-“{;\1 somc of the avalabic models for predcteon
| o thus concopt the cutting fores on sk

of instartanoouns forces n ond mulling hasad
My elrmments that Comrpprraxd the omxd aulb (28 be assumad 0 gve the total CwEtung
ofthogoaal Culting Jata and  ob e

Mtie  mudsls hased on omperaal cymaatast>

DU ) LT o
Wiy rol@uons are reviewedd m‘f'm“' aswld v
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mnad nazumi bin basuki et al. |20] discussed the development of the first and

Muha

second order models for predicting the cutting force produced in end-milling

operation of modified AIST P20 tool steel. The first and second order cutting force
equations are developed using the response surface methodology (RSM) to study the
officct of four input cutting parameters which is cutting speed, feed rate, radial depth
and axial depth of cut on cutting force. The cutting force increased with the slightly
reduce of axial depth and cutting speed value. The predictive models in this study are
believed to produce values of the longitudinal component of the cutting power close

{o those readings recorded experimentally with a 95% confident interval.

From the review of various papers, it is understood that the optimization on
milling process has started only in recent past. Most of the researchers were using soft
computing based optimization methods and found good results. The literature related
to milling optimization is mainly concerned with minimization of surface roughness.

The objective of the present project work is to study the effect of end milling process

parameters on surface finish and MRR.
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CHAPTER-II1
DESIGN OF EXPERIMENTS

3.0 Introduction to Design of Experiments

Design of Experiment is an experimental or analytical method that is
commonly used to statistically signify the relationship between input parameters to
output responses. DOE has wide applications especially in the field of science and
engineering for the purpose of process optimization and development, process
mznagement and validation tests. DOE is essentially an experimental based modeling
and is a designed experimental approach which is far superior to unplanned approach
whereby 2 systematic way will be used to plan the experiment, collect the data and
anzlyze the data A mathematical model has been developed by using analysis
techniques such as ANOVA and regression analysis whereby the mathematical model
shows the relationship between the input parameters and the output responses. Among
the most prominently used DOE techniques are Response Surface Methodology with
Central Composite Design, Taguchi’s method and Factorial Design. In DOE, synergy
between mathematical and statistical techniques such as Regression, Analysis of
Variznce (ANOVA), Non-Linear Optimization and Desirability functions helps to
optimize the quality characteristics considered in a DOE under a cost effective

process. ANOVA helps to identify each factor effect versus the objective function.

Experimental design was first introduced in the 1920s by R. A. Fischer
working at the agricultural field station at Rothamsted in England. Fischer concerned
with arranging trials of fertilizers on plots to protect against the underlying effect of
moisture, gradient, nature of soils, etc. Fischer developed the basic principles of
factorial design and the associated data analysis known as ANOVA during research in

improving the yield of agricultural crops.

3.1 Advantages & Disadvantages of DOE | o
DOE became a more widely used modeling technique superseding its

predecessor one-factor-at- time (OFAT) technique. One of the main advantages of
e- .

DOE is that it shows the relationship between parameters and responses. In other

words, DOE shows the interaction between variables which in turn allows us to focus

22
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on controlling 1mportant parameters to obtain the best responses. DOE also can
provide us with the most optimal setting of parametnic values to find the best possible
output charactenstics. Besides from that. the mathematical model generated can be
used as a prediction model which can predict the possible output response based on
the input values. Another main reason DOE is used because 1t saves time and cost
erms of experimentation. DOE function in such manner that the number of
experiments or the number of runs is determined before the actual expenimentation 1s
done. This way, time and cost can be saved as we do not have to repeatl unnECessary
experiment runs. Most usually. expeniments will have error occurmnng. Some of them
might be predictable while some errors are just out of control. DOE allows us 10
handle these errors while still continuing with the analysis. DOE 1s excellent when 1t
comes to prediction hinear behavior However. when 1t comes to nonlinear behavior,

DOE does not always give the hest results

2 Factorial Design

Factonal design 1s used for conducting experniments as it allows study of
interactions between factors  Interactions are the dnving force 1in many processcs
Vital interface may be unobserved without factonal design of expeniments. In a full
factonial experiment, responscs are measured at all combinations of the cxpenmental
factor levels. The combinauons of factor levels represent the conditions at which
responses are measured. Fach experimental condiion 1s called a “run” and the
response measurement is called an “observation” while factorial design can be run on
two-levels. three-levels and mult-level factonal The entire set of runs s the
“design”. According to Myers and Montgomery, Full Factonal Design 1s a design in
which all possible combinations of the factor levels are fulfilled. The result from the

tull factonal expenments would be more reliable but conducting the full factonal

“xpenments 1s costly and sometimes prohibitive
Factonal expenments permuts o evaluate the combmned cffect of fwo or mwwe

Cxpenments vanables when cvalusied simultancowsly  laformaton obtamed  from

Y e » ¥

tactonal experiments 1 more complote than those obtaned trom a senics of ungle factor

CXperiments, 1n the sense that tactonal experimenty permmit the evaluation of interacton

Clects. An iteraction effect 15 an effect attnibutable © the combmation of vanabice

aboye and beyvond that which can be prg_xhgtrd from the vanables condered separuted
§

For the need of tavtonal expermicnts, the mlormation ;::.uhcuﬂ.i coudd be used W make

*
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gecisions, which have a bogrq range of
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relative g1,
. ve I.wl,umn, Itcan be predicr f ;
happen when two or more variables are el | e, bt ol

of the eff, S
» c : 4
> individug) viarables

popul

pra(itical use. hl thC case ()f [‘?l(.'l()H'UI CXPCH."]CI][S' ” ” "l“ :
Sy 1Ne 7]”0” L6y W} / .
« L4 . . . l"t}' : : / v i ‘/V:
l ma(le 1S more lnCIUSlVC lh " e o

an ' ‘
t Sponding popul

the corre

. aon for 4 single factor
experiments. Factors may be classified /,

as treatmeny
actors group (he Experim
homogeneous with respect to wh

e and classification factors
» Classification f

ental units ine Classes which  are
atis being classified,

fine CxXperimenta| conditions
The administration of the treatment f

» Treatment factors de ‘
applicd 1o an experimental unit
actors is under the direct control of the
experimenter, where as classification factors are not, in sense

The effects of the treatment factors are of primary interest to the experimenter,
where as classification methods are included in an experiment to reduce experimental
error and clarify interpretation of the effects of the treatment factors,
The design of factorial experiments is concerned with answering the following questions:

»  What factors should be included?

» How many levels of each factor should be included?

» How should the levels of the factors be spaced?

# How many experimental units should be selected for each treatment conditions?

» Can the effects of primary interests be estimated adequately  from  the

experimental data that will be obtained?

A factor is a series of related treatments or related classifications. The related
treatments making a factor constitute the levels of that factor. The number of levels
within a factor is determined largely by the thoroughness with which an experimental
desires to investigate the factor.

Alternatively, the levels of a factor determined by the kind of inference the
experimental desires to make upon a conclusion of experiment. h e
T . numbe vels o
The dimensions of a factorial cxperiment are indicated by the numbcer oflevels
“4ch factor. , ment, PO different treatment combinations are
For the case ofp™d factoril eXpem the number of levels within a factor
POssible, As number of factor increases, (T" ‘h- ‘blt torial experiment increases quite
inCl'cuscs, the number of treatment combinations 1n a lac

fapidly,
24
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when p then the factor s called the tixed factor. When the selection of the p levels
» ¥ )y A . 9 A .

from the potential P levels is determined by some systematic, non-random procedure

then also the factoras considered a fixed tactor. In this later case, the selection procedure

reduce the potential P levels to p eflfective levels Under this type of selection procedure
the eflective, potential number of levels of factor m the population may be designated as
P etacone and P etfeemne = P.

In contrast to this systematic selection procedure, if the p levels of factor A
included 1 the expeniment represents a random sample from the potential p levels, then
the factor 1s considered to be random factor. In most practical situations 1 which random

factors are encountered, p is quite small to relative to P. and the ratio p P 1s quute close t©

Ze10.

The ratio of the number of levels of a factor in an experiment to the potential number of

levels in the population is called the sampling fraction for a factor. In term of thus

sampling fraction, the definition of fixed and random factors may be summanzed as

mentioned 1n Table 2.

and Fixed Random Factors

Table 3.0: Relationship between Sampling Fraction
1

———— T ] o taT
Sampling fraction Factor
— I 1 A 1< a acto
p/P or p/Peecine =1 ‘ A 1s a fixed tactor |
- A is a random factor ‘
i

. o value between O ¢ y occur
Cases in which the sampling fraction assumes a value between t wd 1 do oce

N practice.
However, cases in which sampling fraction is either 1 or very close ‘.0 '
“ncountered more frequently. Main effects are defined mn terms of »l‘*"““““‘“' Direct
®Stimates of these parameters will be obtainable for corresponding SEISHES
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34  Development of Mathematical Models

A low-order polynomial is employed for developing the mathematical model for

predicting weld pool

Equation 1.

geometry. If the response is well modeled by a linear function of the

independent variables then the approximating function is the first order model as shown in

Y=ﬁ“:‘lel+BIX2+ ...._B\xx-l- €
Table 3.1 Typical design matrix
—
. Spindle
| Speed Feed Cutting Fluid
i S NO: (mm/min) Proportion
i
(Oil: Water)
1 2907 0.43 1
2 520 0.43 1
3 297 1.86 1
l 4 520 1.86 1
r
s 297 112 0.66
‘ 6 520 1.12 0.66
7 297 1.12 1.5
8 520 1.12 1.5
9 357 0.43 0.66
10 357 1.86 0.66
11 357 0.43 1.5
12 357 1.86 1.5
13 357 112 1
14 357 112 1




|l‘.n.(iumlluu ol Regresston ( Oetficieny

1.8
Lo roptonston coottictent of the model g compiited using the folloing
formnla P on the method of legs B ot '
TR
N
Whete
0L k

N - Number of experimental trails
\ - Numboer oFcolumng ol the designed matrix
G- value ol a tactor o interaction in coded form,

Y I=Avorage

A matrix designed to apply the above formula for the calculation of regression
co-elticient of the model is given in table, Because of the orthogonal property of the
design, the estimated coefticients are un correlate with one another, Since the method
of least squares has been used, the estimates also possess the property of minimum
variance.  All the regression coelficients of the model are expressed by the above

equation were estimated for the response parameter i.c. surface and material removal

tale
3.0 Checking the Adequacies of the Models

All the above estimated coellicients were used to construct the models for the
tesponse patameter and these models were used to- construct the models for the
tesponse parameter and these models were tested by applying Analysis of Variance
(ANOVA) technique F-ratio was calculated and compared, with the standard valucs

for 95% confidence level, 11 the calculated value is less than the F-table values the
model is consider adequate,

i the present case the tabulated value of F-ratio was found out as follows,

. ) 1.’
[mu\» 2 X (S ad /S Y)
Where.
N Variance ol adequacy or residual vartance

)

Ny zation parameter of variance of

Variance of optimi
reproducibility.

.
The Varanee of adequacy was calculated by 57 2 (Yave = Yore) /DO
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\.‘ A N »
Where Vove alue of esponse prodicted

Depree of treedom

PO ‘ and 15 cqual to (n(K ¢ 1)

. No ot expenmental trals

" No ot md\‘;‘\‘mh‘m vanables

< 2 (ViVag) DOF

Yo average of response obsery ed

\ other of the values of response parameter

PO Degree of freedom is equal to the number of experimental runs

37 standard Fisher Ratio Table

A ratio has been developed in statistics that is very convenient for testing o

hypothesis on the adequacy of the model.

The convenience of using the F-ratio consists in that the testing of hypothesis
~an be reduced to compare N tabulated value.

The table constructed as tollows.

The columns are related to a definite number ot degrees of freedom for the
number {1 and rows tor the denominator 2. The cntical values of the F-ratio are
found at the mtersection of the corresponding rows and columns.  As a role, a

conificance level of 5% (confidence level of 95%) is used in technical problems. (F-

(ERE K

table shown in Table 3.2).

38 Development of the Final Mathematical Model

The final mathematical model was constructed by using only sigmiicant

coefficients and is shown in table. “
. were  also checked by actually
The values predicted by these models were also checked by ac '
Che process parameter at some values

conducting experiments by keeping the value of the process pale
Is but within the zone and the results

other than those used for developing the mode ford R
1o were used tor drawing graph:
obtained w ere found sausfactory. I'hen these models were use

and analyzing the results.

20



Fable 3.2 Values of F- Ratio at 5%, significance Level

: 2 3 4 5 6 1 24 00

I 164.4 I?O'S 215.7 | 224.6 | 230.2 | 234.0 2"42‘.9 | 249.0 __2'5’4'.51

2 18.5 1().2 193 | 193 | 195 104 T 104 [ 194 | 19.5
3 10.1 ).6 9.3 9.1 9.0 89 | 87 % 8.5
4 7.7 0.9 6.6 6.4 63 | 6.2 50 | 5.8 5.6
5 | 66 | 58 | 54 | 52 | 51 | 50 | 47 | 45 | 44
6 60 | 51 | 48 4.5 44 | 43 | 40 | 38 | 37
7 55 | 47 | 44 | 4.1 40 | 3.9 3.6 34 | 32
8 53 | 45 | 41 | 38 | 37 | 36 | 33 3.1 2.0
9 | 5l 4.3 39 | 36 | 35 | 32 2.9 2.7 2.5
10 5.0 4.1 3.7 3.5 33 | 3.2 2.9 2.7 2.5
1 48 | 40 | 36 | 34 | 32 | 30 | 29 2.5 2.3
12 4.8 39 | 35 | 33 | 3.1 3.0 2.7 2.5 2.3
13 | 47 3.8 | 34 | 32 | 30 | 29 2.6 2.4 2.2
14 | 46 | 37 3.3 3.1 30 | 29 2.5 2.3 2.1
15 45 | 3.7 3.3 3.1 20 | 2.8 2.5 2.3 2.1
16 4.5 3.6 | 32 3.0 | 29 2.7 2.4 2.2 2.0
17 4.5 3.6 3.2 29 | 28 2.7 2.4 2.2 2.0
18 4.4 3.6 3.2 29 | 238 2.7 23 2.1 1.9
19 | 44 3.5 3.1 29 | 2.7 2.6 23 2.1 1.9
20 4.4 3.5 3.1 29 | 2.7 2.6 2.3 2.1 1.8
22 4.3 3.4 3.1 28 | 2.7 2.6 5% 2.0 1.8
24 4.3 3.4 3.0 28 | 26 2.5 2.2 2.0 1.7
26 4.2 34 | 3.0 | 27 2.6 2.5 2.2 2.0 1.7
28 | 42 | 33 30 | 27 | 26 | 24 2.1 1.0 1.7
30 4.2 3.3 2.9 27 | 25 2.4 2.1 1.9 1.6
40 | 41 | 32 29 | 26 | 25 | 23 2.0 1.8 1.5
o0 | 40 | 32 | 28 | 25 | 24 | 23 1.9 17 L4
120 | 3.9 | 3. 27 | 25 | 23 | 22 1.8 1.6 1.3
00 3.8 3.0 2.6 LE’JZ 2.1 1.8 1.9 1.0
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Description of Universal Milling Machine

\ uonyersal nmulhng machine is o named because it b
ausc It may be adapted to
a very

e ol voperalions i
ange Ol mulling operations, A universal milling machine he d
> can be distinguished

aude !

o plam mulling machine in-that the table of a universal mill; h
! Ing machine is

{on a creular swiveling base which hy
pountee ‘ ich has degree graduati
tons, and the table can
velad o any angle upto 45° on cither si '
he swivele , cither side of the normal positi
position. The table can
cled about o vertical axis and sct at an angle other than right angles to the

he SWIV
gindle Phus e a universal milling machine, in addition to three movements as
eorporated e plain milling maching, the table may have a fourth movement when

(s fod at an angle to the milling cutter. This additional feature enables it to perform

helical milling operation which cannot be done on a plain milling machine unless a

spiral milling attachment is used. The capacity of a universal milling machine is

considerably increased by the use of special attachments such as dividing head or
dox head, vertical milling attachment. Rotary attachment, slotting attachment, etc.

it
bevel gears, twist drills, reamers, milling

The machine can produce spur, spiral,

cutiers, ete. besides doing all conventional milling operations. It may be employed

ery type of operations that can
efore, essentially a tool room

with advantage for any and ev be performed on a

ess. A universal machine is, ther

shaper or on a drill pr
accurate work (Figure 4.1).

machine designed to produce a very

Universal Milling Machine Spcciﬁcations

Table Size 300 x 1330mm

Number of Spindles 8

b

fower 3 HP

R.

~ng 63-227 RPM

ge of speed



Figure 4.1 Uunversal Milling Machmne

4.2 Surface Fimish Indweator

The mstrument used for measunng surtace fimsh was surtace indrcator Thas
device consists of tracer head and an amphiticr The head housad a duamond s lus,
having a pomt radius o1 0 03 mm, which been agamst the surtace of the work and man
be moved by hand or it may be another dinven Amy movement of the sty lus con erad
by surface wregulanties s comerted mto electne Muctuations ™ the tracer head
Ihese signals are magmified by the amphtier and registerad on the diutal display The
reading shown on the display indicator the average hawht of the surtace roughness o
the depth of the surface from the reference hne For accunate determumanon of the

Sutface fimsh the mdicator must fust be cahibrated by seting 1t © a precision

feference surface on a block calibrated to AN A standards

21 Principle of Talysurf

The Talvsurf is all electronies nsttument working on camer modulanng
PInciple This imstrument sives the mformation more rapdhy and accurately  Thas
NStrumeny records the statie displacement of the stvlus The measuning head of this

MStrumeny record the stanie displacement of the stylus The measunng head of this

~

Mg ~ y v o e T 3
“hllumcm tecord consists of a diamond stvlus ot about 0 02 mm tup radis and

Pyl
to



which is drawn across the surface by means of motorised driving umit, which providies
the motorised speed giving reading The arm carrying the styvius fonms an armatiy
which pivots about the centre piece of e-shaped stamping on twa ool with other two
resistances’s from an oscillator As the armature is pivoted about the central leg, any
movement if the stylus covers the air gap 1o vary and this the amplitucde of the onginal
A.C. current flowing in the coils 1s modulated This is further demodulatad so that the
current flow in directly proportional to the vertical displacement of the stylus oaly
(Figure 4. 2)

4.3 Procedure for measuring surface roughness using Talvsurf
- Tum the switch on and allow the instrument to warm for approsumately 3

minutes
- Check the machine calibration by moving the stylus over the test block
If necessary . adjust the calitwatuon controd o that the instrument registens

the range as the test ook

» Thoroughly clean the sarface o be measured o ensure acourate readings
and reduce wear on the mder cap protecting the sty lus

’ Now the stylus moves an the work peeve smoothly 1o the specilied cutolt
length and the value i displaved w o roemetens

LR



Figure 4.2  Talysurf

4.4 Milling Dynamometer

A milling cutter dynamometer has been designed and developed which enables

radial and tangential forces acting on a cutter tooth to be recorded throughout 1ts

cutting action.

Digital multicomponent force indicator (three channel)

Instrument comprises of two independent digital display units cahbrated to

display force directly using three-component milling tool dynamometer This

instrument comprises of independent DC excitation supply for feeding strain

gauge bridges, signal processing system to process and compute respective force
value for direct independent display in kgf units. Instrument operates on 230v,

50 ¢/s AC mains. Size — 150x350x270 mm nominal

34




Figure 4.3 Milling Tool Dynamometer

43 Cutting Tool Material

High Speed Steel tool
Hich speed steels (HSS) are carbon steels with alloying elements such as Tungsten
(W). Chromium (cr). Vandium (V). Molybdenum (Mo) and Cobalt (Co).

These are normally grouped into three classes:
Class —I' 18-4-1 HSS: 1820 W_ 4% Cr. 1%V
This tvpe 1s called Tungsten type HSS and 1s well known for air and heat resistance.
Class — II- 6-6-1-2 6%W. 6%Mo. 4%0Cr. 2%V . This type is called Molybdenum type
HSS and 1s well known for wear and impact resistance.
Class — Il Super HSS' 2 to 15% Co additionally to increase cutting efficiency for
heavier cut imparting higher temperatures.
The HSS 1s a tough and heat treatable material with high ° red hardness’ retaining the
cutting edge upto 650°C. The High speed steels find application s as single point
wols. dnlls, reamers. milling cutters. These can be sharpened by grinding with
Aluminum oxide which. economical compared to carbide tools and perform fairly

well The hardness is about 65 to 67 RC. These are used at 20 to 30 surface in ' min

10T most steels.

(F¥]
thn




Figure 4.3 End milling cutters

46  Work Piece Material

~ Aluminium or aluminum (in North American English) is a chemical element in
the boron group with symbol Al and atomic number 13. It is a silvery-white, soft,
nonmagnetic, ductile metal. By mass, aluminum makes up about 8% of the Earth's
crust. it is the third most abundant element after oxygen and silicon and the most
abundant metal in the crust, though it is less common in the mantle below. Aluminium
metal is so chemically reactive that native specimensare rare and limited to

extreme reducing environments. Instead, it is found combined in over 270 different

minerals. The chief ore of aluminum is bauxite.

Aluminum is remarkable for the metal's low densityand its ability to
resist corrosion through the phenomenon of passivation. Aluminum and its alloys are
vital to the aerospace industry and important in transportation and structures, such as

building facades and window frames the oxides and sulfates are the most useful

compounds of aluminum.

Despite its prevalence in the environment, no known form of life uses aluminum salts
Metabolically, but aluminum is well tolerated by plants and animals '*! Because of

these saltg abundance, the potential for a biological role for them is of continuing

Int . >
Crest, and studies continue.
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Figure 4.4 Work piece materials (After machining)

Table 4.1 Chemical composition (wt. %)

@minum (A1)

Table 4.2 Physical properties
AL PROPERTIES METRIC

2 73gm/ce '

——

Density

THERMAL PROPERTIES

Thermal Conductivity 115 W/m-K

Melting Point

37

Element COMPOSITION (%)
Manganese (Mn) 0.90 - 1.50

Iron (Fe) 0.0-0.70

Copper (Cu) 0.0-0.10

Magnesium (Mg) 0.0-0.30

Silicon (S1) 0.0 - 0.50

Zinc (Zn) ~ ]00-020

Other (Each) 0.0-0.05 -
 Others (Total) 00-0.15
Chromium (Cr) (00-0.10 .
Titanium + Zirconium (Ti+Zr) 00-010

| Balance




Table 4.4 Mechanieal propertles

Mechanieal Property Value

Vensile Strength 140 - 180 MPa
Prool Stress 120 Min MPa
Hardness Brinell 45 1B
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Expcrimenml resulfs

Table 5.2
“/E.\"iﬁﬁ Feed \ Cutting Catting Forcs ?gf
Spindle (mm/mm) , Flmd I Vierms
Speed 1 Proportion }
; Fy (K2b FoKeh
(rpm) |
y
m 0.43 | 1 1.92 42 72
520 043 | 1 1.82 = EEEL
— 297 186 | I 1.76 12 Y
n 520 1.86 ‘ I 1.82 Toz 133
— 297 {12 | 066 1.36 I.1S 77
n 520 | 7 | 066 | L 132 =
n 297 iz 1 FE Lz =
n 520 | 15| L6 0% =
“ 357 { 023 | 066 | 218 .32 =2
n 357 ', 186 | 066 | L36 R 165
" 357 | 043 | L3 1.87 X7 3 =1
u 357 | 1.8 1.3 1.52 L4 17+
“ 357 1.12 1 1St .13 1.3
14 357 | 1.12 | 1 1.64 1 08 ) <=
5| 357 | L12 1 192 [ 1& )5t

52  Development of mathematical medel
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5.3  Checking the adequacy of the developed model

The adequacy of the developed model was tested using the Analysis of
Variance technique (ANOVA). As per this technique, if the calculated value of the
Fraio Of the developed model is less than the standard Fr, (from F-table) value at a

desired level of confidence (say 95%), then the model is said to be adequate within

the confidence limit.

Table 5.3 Analysis of Variance for Fy (Kgf)
| Source DF  Seq SS Adj SS Adj MS F P
| Regression 9 0.23718 0.23718 0.026353 0.84 0.615
| Linear 3 0.14576 0.01482 0.004941 0.16 0.920
|  Ssquare 3 0.03416 0.03488 0.011628 0.37 0.778
| Interaction 3 0.05726 0.05726 0.019087 0.61 0.638
LResidual Error 5 0.15691 0.15691 0.031383
|  Lack-of-Fit 3 0.11531 0.11531 0.038438 1.85 0.370
| Pure Error 2 0.04160 0.04160 0.020800
| Total 14 0.39409 |
Table 5.4 Analysis of Variance for Fz (Kgf) .
| source DF Seq SS Adj SS Adj MS F 3 &
Regression 9 0.233404 0.233404 0.025934 1.47 0.349 o
Linear 3 0.159472 0.025342 0.008447 0.48 0.710
Square 3 0.038168 0.037817 0.012606 0.72 0.584 Bt
Interaction 3 0.035764 0.035764 0.011921 0.68 0.603
Residual Error 5 0.088036 0.088036 0.017607
Lack-of-Fit 3 0.082436 0.082436 0.027479 9.81 0.094
Pure Error 2 0.005600 0.005600 0.002800
Total 14 0.321440
|
Table 5.5 Analysis of Variance for Surface Finish (Microns)
Source DF Seq SS Adj SS Adj MS F P
Regression 9 0.28373 0.28373 0.031526 5.03 0.045
Linear 3 0.08200 0.11609 0.038698 6.17 0.039
Square 3 0.03848 0.03714 0.012381 1.97 0.236
Interaction 3 0.16326 0.16326 0.054419 8.68 0.020
Residual Error 5 0.03136 0.03136 0.006272
Lack-of-Fit 3 0.01829 0.01829 0.006097 0.93 0.554
Pure Error 2 0.01307 0.01307 0.006533
Total 14 0.31509
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Figure S 1,52 and 5.3 indicate the scatter plot for Fy, Fz and Surface finish of

he end mlling slots and reveals that the experimental and predicted values are close
the =

ther with 1n the specified limits.

1o each 0

Scatterplot of Fy (Kgf)
2.2
2.1
‘ 2.0
| -é 1.9
“ < 18
|17
i 1.6
\ 1.5 T T 1 T
' 16 1.7 1.8 1.9 2.0
\ PREDICTED
1
Figure 5.1  Scatter plot for Fy ;
[]
Scatterplot of Fz (Kgf) )
1.5

1.1 1:2 1_'3 T

1.4 15
PREDICTED

Figure 5.2

Scatter plot for F,
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scatterplot of surface Finish ( Microns)
‘ N ‘ o
l 0/
i
!
? 06
|
! g (1)
‘ «
\ 04
\
1 0.3+
‘»
1‘ 0') | e —
t 02 03 04 0.5 0.6 0.7 0.8
PREDICTED
-

Kigure 5.3 Scatter plot for Surface Finish
4 Lffect of milling parameters on output responses

$.4.1 Main Effect plots

Graphs are drawn for cach milling parameters separately (Figure 5.4, 5.5,5.6)

and the following observations arc made:

The objective of the present project work is to minimise cutting forces and
maximnse the Surface finish. From Fig 5.4 and 5.5 1t 1s understood that cutting forces
are minimum at spindle speed of 540 rpm, feed rate of 1.86mm/min and cutting fluid

composition of 1.5

As the spindle speed increases, cutting speed increases reducing the contact
area between the tool and work piece leading to improve in surface finish. As the feed
tate ncreases the rubbing action between the tool and work piece decreases resulting
i better surface finish. Cutting fluid composition improves the lubricating propcrtic;

ilnd I'Qduc:- > fr1e11
es the friction between tool and work picce leading to better surface finish
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Main Effects Plot (data means) for Surface Finish (Microns)
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Figure 5.6 Main Effects for surface finish

3.4.2 Inreraction effects

Interaction plots are drawn in order to the study the effect of all end milling

parameters at a ume on the Fv, Fz Surface Fiush (Figure 5.7, 5.8 and 5.9).

Interaction Plot (data means) for Fy (Kgf)

0.43 112 1§6 0.66 190 1{0
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Interaction Plot (data means) for Fz (Kgf)
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Figure 5.8 Interaction plot for I,

Interaction Plot (data means) for Surface Finish (Microns)
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55  Comparison of experimental and predicted values of Fy and Fz

From the developed model, the values of cutting forces Fy and Fz ,surface
gmish are predicted by substituting the coded values of the drilling parameters in the
developed empirical mathematical model. Table 5.3 indicates the experimental and
predicted values of cutting forces Fy and Fz surface finish for all the 15 combination
of experiments performed.

Table 5.6 Comparison table of output responses

I ACTUAL PREDICTED
' Exp.No | Fy Fz Composition Fy Fz Composition
| (%) (%)

] 1 1.92 1.42 0.62 2.02 1.38 0.57
2 |182 128 1030 1.82 1.28 0.34
3 176 1.12 0.72 1.72 1.14 0.69

4 182 1.02 0.38 1.77 1.04 0.43

5 1186 1.18 0.72 1.97 1.33 0.74

6 1 1.95 132 0.32 2.04 1.36 0.26

7 [2.12 1.42 0.43 1.95 1.29 0.49

8 | 1.68 1.08 0.63 1.65 1.02 0.61

9 1218|152 0.32 2.02 1.45 0.35

10 Tl.se 1.24 0.65 1.82 1.13 0.66
\1 | 1.87 1.12 0.51 1.94 1.23 0.50

12 | 1.52 1.04 0.34 1.66 1.11 032

13 | 1.84 1.18 0.38 1.80 1.14 0.47

14 1.64 1.08 0.48 1.80 1.14 0.47

15 1.92 1.16 0.54 1.80 1.14 0.47

From Table 5.3, it 1s understood that the error % between actual and predicted
values is around 9%.

5.6  Contour plots

The simultaneous effect of two parameters at a time on the output response is
generally studied using contour plots. By generating contour plots using statistical
software (MINITAB14) for response surface analysis, the most influencing parameter

can be identified based on the orientation of contour lines. If the counter patterning of

circular shaped counters occurs, it suggests the equal influence of both the factors;

while elliptical contours indicate the interaction of the factors.
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Contour Plots of Fy (Kgf)
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Figure 5.10 Counter plots of Fy
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Contows Plots of Surface Fimsh (Mucrore )
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Figure 5.13 Surface plot of Fy




Surface Plots of Surface Finish (Microns)
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CHAPTER -VI
RESULTS AND DISCUSSION

From the experiments performed the following results are drawn.

» Empirical mathematical models are developed for cutting forces and surface

finish in end milling of aluminium in order to predicted their values with in the

range of the end milling parameters selected.

» The experimental and predicted values are very close to each other and the
error rate is around 9%, which indicate the accuracy of the developed model.

AN

> The adequacy of the developed model is checked using ANOVA at 95%

confidence level and found to be adequate.

» From the scatter plot it is understood that experimental and predicted values

are close to each other.

» As the spindle speed increases, cutting speed increases reducing the contact
area between the tool and work piece leading to improve in surface finish. As
the feed rate increases the rubbing action between the tool and work piece
decreases, resulting in better surface finish. Cutting fluid composition
improves the lubricating properties and reduces the friction between tool and

work piece leading to better surface finish.
> From the contour plots , it is understood that cutting speed (spindle speed) is

the most dominant parameters effecting the cutting forces and surface finish,

followed by feed rate and cutting fluid composition.

52



N/

From surface plots for cutting forces are minimum for optimal combination of
input parameters are spindle speed 540 rpm, feed rate 1.86 mm/min and

cutting fluid composition of 0.8.

From surface plot for surface finish is maximum for optimal combination of
input parameters are spindle speed 540 rpm, feed rate 1.86 mm/min and

cutting fluid composition of 1.6.

The developed empirical models are valid within the selected range of the

process parameters and for the specified material (Aluminium).

The accuracy of the empirical models can be improved by considering more

number of input process parameters and higher levels.
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CHAPTER -VII
CONCLUSIONS

The following conclusions are drawn based on the experimental results.

» Empirical mathematical models are developed for predicting surface finish
and cutting forces of the end milling process by using Surface Response

Method.

» The effect of milling parameters on output responses are studied and
understood that better surface finish can be achieved at higher cutting speeds,

higher feed rate and better composition of cutting fluids.

» TFrom the contour plots , it is understood that cutting speed (spindle speed) is
the most dominant parameters effecting the cutting forces and surface finish,

followed by feed rate and cutting fluid composition.

> From surface plots for cutting forces are minimum for optimal combination
of input parameters are spindle speed 540 rpm, feed rate 1.86 mm/min and
cutting fluid composition of 0.8. Surface finish is maximum for optimal

combination of input parameters are spindle speed 540 rpm, feed rate 1.86

mm/min and cutting fluid composition of 1.6.
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