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ABSTRACT

Dreilling is one of the Important machining process widely used in all typs of
Industry. In aerospace industry the drifl hole dimensions are vety critieal and one has 1o
control the drilling parameters (o maintain the desired hole characteristics. In the present
project work, focus is made to study the effect of drilling parameters namely spindls spesd,
feed and drill diameter on Cylindricity, Cireularity, Concemtriety along X axls and
Concentricity along Y axis. Response Surface Method (KSM) based Central Compasile
Design (CCI) matrix Is wséd to deeide the number of experiments, Thres faclor, thres
levels are used and total 20 experiments are performed. Empirical mathematical models are
developed for the outputl responses considering significamt parameters. Analysis ol
Variance (ANOVA) is performed for 95% conlidence level. Seatler plots are drawn 1o
study the variation of actual and predicted values, Contaour plots are studled to indentify the
most dominating paramieters effecting the oulput responses

Yyl
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NOMENCLATURE

D = Diameter of Drill in mm
N = R.P.M of Drill spindle

V = Cutting speed in meter per minule
f= feed in mm/rev
fi= feed in mm per minute

= Depth of cut in mm,

M = total moment of the forces of resistance

T) = Torque in Newton meler

C = Constant depending upon the material being drilled

W = the web thickness of the drill
I3, Ciand C o= Coefficients

F = Thrust Force
%1.Y1.%2 . Y2 conslants
DOL Design of Experiment
ANNOVA Analysis of Variance

RSM Response Surface Method
N = Number of experimental trails

X = Number of columns of the designed matrix

xu= value of a factor or interaction in coded form.
Yi=Average

§? 4= Variance of adequacy or residual variance

$%y =Variance of optimization parameler of variance
Yavg= Value of response predicted,

DOF = Degree of freedom

N = No of experimental trials

K = No. of independent variables

Y y= other of the values of response parameler

CMM Coordinate Measuring Machine

x|
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INTRODUCTION

This chapter describes about the back ground of drilling process, types of drilling
and drill hole characteristics

1.1 The History of Metal Cutting

The history of metal cutting dates from the latter part of the eighteenth

century. Before 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 successful steam engine.

Metal cutting as we know it now started with the itroduction 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.

1.2 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 ol 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 withCocqulhat in 1851 and was mainly directed
towards measuring the work required to remove a given volume ol material in drilling. In
1873 tabulations of the work required in metal cutting were presented by Harting in a

bow| 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 formed were made by the time in 1870 and the famous French

«cientist Tresca in 1873, some years later, in 1881, Mallock suggested correctly that the

I
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Cutting process was basically of shearing the work material o form the chip and

emphasized the Importance of the effect of [riction occurring on the cutting tool face as the

chip was removed.

Finenie reports that a step backward in the understanding of the metal = cutting

process was taken in 1900 when Reulnux suggested that o crack oceurred ahead of the tool
and the process could be linked 1o splitting of wood,

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

publication of the well-known paper by Erst and Merchant in 1941 dealing with
mechanics of the process.

1.3 Introduction to Drilling process

It is the process of using o drill bit in a drill to produce holes. Under normal usage,
swarl is carried up and away from the tip of the drill bit by the Nuting. The continued
production ol chips from the cutting edges pushes the older chips outwards from the hole.
This continues until the chips pack too tightly, either because of deeper than normal holes
or insufficient backing off (removing the drill slightly [breaking the chip) or totally from
the hole [clearing the bir) while drilling). Lubricants (or coolants) (i.e. cutting fluid) are
sometimes used 1o ease this problem and to prolong the tool's life by cooling, lubricating

the tip and improving chip flow.

1.3.1  Description about Twist drill

The twist drill bit s the type produced in lorgest quantity today. It drills holes in
melal, plastic, and wood.

The twist drill bit was Invented by Steven A. Morse ol East Bridgewater,
Massachusetts In 1861, He received U.S, Patent 38,119 for his invention on April 7, 1863,
The original method of manufacture was 1o cut two grooves in opposite sides ol a round
bar, then to twist the bar to produce the helical flutes. This gave the tool its name.
Nowadays, the drill bit is usually made by rotating the bar while moving it past a grinding

wheel to cut the Nutes in the same manner as cutting helical gears,
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Fools recognizable as twist dri)) bits are currently produced in diameters coyering a range

from 0.05 mm (0.002") o 100 mm (4"), Lengths up to about 1000 mm (39") are ayailable
for use in powered hand wols,

The geomelry and sharpening of the cutting edges is crucial o the performance of

the bit. Users often throw away small bits that become blunt, and replace them with new

bits, hecause they are Inexpensive and sharpening them well is difficult, For larger bits,
special grinding jigs are available, A special 10o) grinder is available for sharpening or
reshaping cutting surfaces on twist drills 1o optimize the drill for a particular materia)
Manufacturers can produce special yersions of the twist drill bit, varying the
geomelry and the materials used, o suit particular machinery and particular materials 1o be
cul, Twist dril) bits are available in the widest cholee of toling materials, However, eyen
lor industrinl users, most holes are stll diilled with a conyentional bit of high speed steel
The most caommon twist drill (the one sold in general hardware stores) has a point
angle of 118 degrees, This Is a sultable angle for n wide array of tsks, and will not ¢nuse
the uninltiated operator undue stiess by windering or digging in. A more aggressive
(shiarper) angle, sueh as 90 degrees, is suited (o very solt plasties and other materinls, | he
DI will generally be sell=starting and cut very quickly. A shallower angle, such ns 150
deprees, Is sulted for drilling steels and other ougher materinls, 1hi

yostyle bit requires o

stacter hole, but will not bind or suffer premature wenr when o proper feed rte is used

Dl with no - point angle are used in shtuations where o blind, Nat-bottomed hole is

required, These diflls are very sensitive to changes in lip angle, nnd eyen o shight change
can resultinan napproprintely fasteutting deill bie thot will sufter promature wear.
e The Mechanie Drills used widely by vendors (o further deseribe the length ol the
Atk itselt, “The actonl Tength x dinmeter must be found and published.

e TheJohher Drills used widely by vendors (o further deseribe the length of the dil

isell Phe netunl Tength x diwmeter must be found and published

Most drills Tor consumer use have stralght shanks, For heavy duty diilling i Industyy,
deitls with tapered shanks are sometimes used

L3200 Blements of o 'Dwist Drill

Body, 10is the part ol the detth that s Duted and relieyed
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Shank. It is the part held in the holding device,

The most common types of shanks are the taper shank and the parallel shanks. Small drills
up to about 12.7 mm diameter are provided with parallel shanks and the larger size drill
have tapered shanks. Tapered shank drill carry a tang at the end of the shank to ensure a
positive grip. The straight shank drills are held in a drill machine by a chuck, The jaws of

the chuck are tightened around the drill by means of a key or wrench, The point of a drill is

the entire cone shaped surface at the cutting end of the drill,

Dead Centre. The dead centre or chisel edge of the drill is the sharp edge at the extreme

tip end of the drill. It should always be in the exact centre of the axis of the drill,

Lip. Lip or cutting edge is formed by the intersection of the flank and face. Both the lips of
the drills should be of equal length and should be at the same angle ol inclination with the

drill axis. This will enable to produce a perfectly round smooth and accurate hole. Unequal

lips will result in an oversize hole.

Flank. Flank is the surface on a drill point which extends behind the lip to the following

flute,

Chisel edge corner. The corner formed by the Intersection of a lip and the chisel edge is

called chisel edge corner,

Flutes. The grooves in the body ol the drill which provides lips.

Twist drill angles. Like any other cutting tool the twist drill is provided with correct tool

angles. The various angles are as follows:
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Rake angle or helix angle. It is the angle of flute in relation to the work. Smaller the rake
angle greater will be the torque required to drive the drill at a given speed. Its usual value
is 30" although it may very up to 45° for different materials.

The rake angle also partially governs the tightness with which the chips curl and hence the
amount of space which the chips occupy. Other conditions being the same, a very large
rack angle makes a tightly rolled chip, while a rather small rake angle makes a chip tend to

curl into a more loosely rolled helix.

Lips clearance angle. It is the angle formed by the flank and a plan at right angle to the

dnll axis. Lip clearance is the relief that is given to the cutting edges in the order to allow

the dnll to enter the metal without interference. This angle is 12° in most cases. In order to

allow strength and ngidity to the cutting edge the clearance angle should be kept
minimum.

Cutting angle or point angle. It 1s the angle included between the two lips projected upon

a plane parallel to the dnll axis and parallel to the two cutting lips. It 1s observed that the
best point angle 1s 118°.

Chisel edge angle. It is the angle included between the chisel edge and the lip as seen from
the end of the dnll.

FLUTE RUN-OUT

Figl.1 Twist Drill
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[Fig 1.2 Nomenclature of twist drill

Table 1.1 Various angles for a drill are shown in table

R g ———————————————————————————

Material Point angle Lip clear- Chisel edge Helix

(Degrees) ance angle angle angle

| (Degrees) (Degrees) (Degrees)

Auminum | 90—140  [8=12 | 120133 | 24—48
Brass 111 8—15 120—135 0—27
Copper 100—118 8—15 120—135 28—40
Castironhard | 118 8—12 120—135 24—40
Steel 118 8—12 120—135 24—32
Stainless Steel I 12—135 10—12 120—135 24—32

1.4  Cutting Fluids

1.4.1 Purpose of cutting fluids

There is a wide variety of cutting fluids available today. Many new coolants have
been developed to meet the needs of new materials, new cutting tools, and new coatings
on cutting tools. The goal of machining operations must be to improve productivity and
reduce costs. This 1s accomplished by machining at the highest practical speed while
maintaining practical tool life, reducing scrap, and producing parts with the desired

surface quality. Proper selection and use of cutting fluids can help achieve all of these
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goals,

In machining almost all of the energy expended in cutting is transformed into heat

The deformation of the metal to create chips and the friction of the chip sliding across

the
cutting tool produce he

at. The primary function of cutting fluids is to cool the tool, work

piece, and chip, reduce friction at the sliding contacts, and prevent or reduce the welding

that causes a built-up edge on the cutting tool or insert.
rust and corrosion and flush chips away.

Most shops try to reduce the number of different types of fluids that they Keep in
stock. They try to stock fluids that have long-life. do not

or adhesion on the contact edges

Cutting fluids also help prevent

need to be changed constantly,
don’t smoke in use, and don’t cause skin irritation. One large consideration is disposal. It

Is very costly to dispose of cutting fluids.

Cooling

Machining operations create heat. This heat must be removed from the pProcess.
The chip helps carry away heat from the tool and work piece. Coolant takes heat from the

chips tool, and work piece. To be effective the fluid must be able to transfer heat ver)
rapidly. The fluid absorbs the heat and carries it away.

Lubrication

In a typical machining operation, two-thirds of the heat is created by the
resistance of the work piece atoms 1o being sheared. The friction of the chip sliding over
the cutting tool face creates the other one-third of the heat.

Cutting fluid with good lubrication qualities can reduce the friction of the chip sliding
over the tool face. The lubrication actually changes the shear angle, which reduces the

shear path and produces a thinner chip. Good lubrication also reduces internal friction

and heat through less molecular disturbance.

Benefits
e The use of cutting Muids reduces friction and heat. The removal ol
_lmpﬁwﬁ o Par the heat prevents the work piece from expanding during the

machining operation, which would cause size variation as well as

Quality
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damage to the material’s microstructure.

o o s e P
T—-—- - T -

s Proper use of cutting fluids i i hi -
i 'l & o i’ L - UIdS » »
‘Reduce tooling. g increases tool life, which reduces the
| ’ ' tooling costs. Increased tool life also reduces tool changes and

costs |

i Aty { downtime which decreases labor costs.

Elqcrense Cutting} Cutting tools reduce friction and heating a machining operation. This
Speeds  and allows high speeds and feeds to be used to achieve optimal cutting

Fecds conditions.

Effective use of cutting fluids helps remove the chips. This prevents

Improved -
the chip from being caught between the tool and work piece where it
Surface Finishes . y
causes scratches and a poor surface finish
Reduces Bacteria can drastically affect cutting oils. Bacteria growth can turn a
Bacterial cutting fluid rancid. Additives in coolants help reduce the effects of
Growth bacteria, but it is important that pure water is used for coolant mixing.
Cutting fluids should protect the tooling, machine, and work piece
Rust and _ _ _ _
| : against rust and corrosion. Cutting fluids should leave a small
Corrosion 1 _
| residual film that remains after the water has evaporated.
Prevention

i

1.4.2 Types of cutting fluids
Cutting fluids can be broken into four main categories: straight cutting oils, water

miscible fluids, gasses, and paste or solid lubricants. Two of the three (chemical-based and
emulsions) are primarily water. Water quality has a large effect on the coolant. Water that

is very hard (high mineral content) can cause rusl, stains, and corrosion of machines and

work pieces. Water can be deionized to remove the impurities and minerals.

Water is the best fuid for cooling. It has the best ability to carry heat away. Waler,

however, is a very poor lubricant and causes rust.

Oil is great for lubrication but very poor for cooling. Oil is also flammable. You can
see that water and oil have some great strengths but also some great weaknesses. [T water

and oil are combined, we get the best of both and minimize the weaknesses. Water-soluble

9
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fluids have been developed that have good lubrication, cooling ability and rust and
corrosion resistance, These fluids are usually mixed in the shop. It is crucial that the

mixing directions and concentrations are followed very closely to get the benefits,

1.4.3 Water Miscible

Emulsions

Emulsion is a term that describes soluble oils. An emulsion is a suspension of oil
droplets in water, Soluble oils are mineral oils that contain emulsifiers, Emulsifiers are
voap-like materials that allow the oil to mix with water, Emulsions (soluble oils) when
mixed with water produce a milky white coolant, Lean concentrations (more water-less oil)
provide better cooling but less lubrication. Rich concentrations (less water- more oil) have
better lubrication qualities but poorer cooling. There are different types of soluble cutting
(Tulds available including extreme pressure soluble oils, These should be used for extreme

machining conditions where it is necessary to reduce friction where the tool and work

piece contact each other,

Chemieal Flulds

Chemical coolants are nlso miscible cutting fluids. Chemical cutting fluids are pre-

concentrated emulsions that contain very little oil. Chemical fuids mix very easily with

waler, The ¢hemical components in the Muid are used (o enhance the lubrication, bacterial
control, rust, and corrosion characteristics, There are several types of chemical coolants
avallable, including coolants for extreme cutting conditions.

Inactive chemical cutting Muids are usually clear Muids with high rust inhibition, high
cooling, and low lubrication qualities. Active chemical fluids include wetting agents. They
have excellent rust inhibition and moderate lubrication and cooling properties. Some

contain sulfur or chlorine additives for extreme pressure cutting applications.

Semi=chemical Coolants

Semi=chemical MNuids are a combination of a chemical uid and an emulsion. They
have o lower oil content but more emulsifier, This makes the oil droplets much smaller,
They have moderate lubrication and cooling and high rust inhibition properties. Sulfur,

chlorine, and phosphorous are sometimes added to improve the extreme pressure

10)
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characteristics.

Straight Cutting Oils

Straight cutting oils are not mixed with water, Cutting oils are genevally mixtures of
mineral oil and animal, vegetable, or marine oils to improve the wetting and labricating
properties. Sulfur, chlorine, and phosphorous compounds are sometimes added to fmprove
the lubrication qualities of the fluid for extreme pressure applications. There are two main

types of straight oils: active and mactive,

Inactive Straight Cutting Qils
Inactive otls contain sultur thatas very trmly attached to the ol Very hittle sultur i

released in the machining process 1o react With the work prece. Nineral oty ave an oxample
of straight oils, Mineral oils provides excellent lubrication, but are not very good at heat
dissipation (removing heat from the cutting tool and work piece)  Nineral oty are
particularly suited to nonferrous matenals, such as aluminum, brass, and magnesium

Blends of mineral oils are also used in grinding operations to produce high surface tinishes

on ferrous and nonferrous materials,

Active Straight Cutting Oils
Active oils contain sultur that is not firmly attachoed 1o the ol The sultur s released

during the machining operation to react with the work plece  These oily have pood
lubrication and cooling properties. Special blonds with higher sultur 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 wre also good (o

grinding as they help prevent the grinding wheel from loading up. Fhis incroases the Lite of

the grinding wheel

Gasses
Cutting oils and water miseible types of cutting fluids are the most widely wsed

Gasses are sometimes use. Compressed ate and inert gasses are somotimes wsed Carbony

dioxide. Freon, and nitrogen are also used sometimes

I
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Paste and Solid Lubricants

lavae ska * . - /5
Waxes, pastes, soaps, graphite, and molybdenum disulfide may be used. These ore
generally applied directly to the work piece or tool, or i some cases, imprepnated directly

Into a tool, such as a prinding wheel. One example would be lard. Many experfenced

Journeymen recommend lard for tapping.

1.5 Twist drill failure

Atwist drill will suffer an early failure or produce holes that are dimensionally

inaccurate. out of round and poor finish for the following peneral reasons:
» Incorrect speed and feeds.
» Incorrect grinding of the point

»  Mishandling.

1.6  Drill Specifications
According to Indian Standard System, twist drills are specified by the dinmeter, the

.S, number. the material and the series (o which they belong

The drills are made in three types:

Type N=— for normal low carbon steel.

Type H= for hard materials

Type S=— for soft and tough materials

For example a parallel shank twist deill 12 mm diometer and made up ol high speed steel
and conforming to IS: S101 with a point angle of 118" and of N-type is designated as
12.00=IS : 5101 HIS-N-118.

Unless otherwise mentioned in the designation it should be assumed that deill type fs N and
point angle i1s 1187

Drill Size. In metric system the drills are made in dismeters from 0.2 mm to 100 mn

1.7 Factors effecting Drill Torque and Trust forces
Cutting speed: It is the peripheral speed ol a point-on the surface of the dilll i contact

with the work piece It is usually expressed fnmetres per minute

| et D = Diameter of dedhim mim
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N = R.P.M. of drill spindle.

V = Cutting speed in metre per minute,
V = nDN/100 metre per minute.

Cutting speed mainly depends upon the following factors:
I'ype of material 1o be drilled.

Fype of material of drill. Twist drill made of high speed steel can be operated at about
twice the speed of drill made of high carbon steel,

Fype of finish required
Fype of coolant used.

Capacity of machine and tool life,

Table 1.2 Cutting speed for high speed steel drill,

Marterial heing drilled F h('um'ng spvéd (rh;-:fmf}l)
Aluminium - - 70—100 -
Brass 35—50
Phosphor Bronze 20—35
Grey Cast Iron 25—40
Copper 35=45
Mild Steel 30=40
Alloy Steel (IHigh tensile) 5—8

IFeed, It 1s the distance the drill moves into the work at each revolution of the spindle. It s

expressed as millimeter per revolution:
It may also be expressed as feed per minule,
lel N = R.PM. of drill spindle.
[ = feed in mm/rev,
fi = feed in mm per minule.

o N,j

| 3
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- Table 1.3 Keed for high speed steel drill of various diameters.

Drill diameter (mm) Feed (mmlrey,) )
Lo=25 T o0d~006 .
2.6—4.5 0,05=0,]0
4,6—0,() 0.075~0.15
0,1—12,00 (,75~().25

2.1=|5,) 0.20~0.30

3, 1—18.0 ().23~(),33

8.1—2].0 (),20~0,36

21, 1=25 (),28=(),39

A Iwist drill gives satislactory performance 111 Is run at correct cutting speed and fecd
The following foctors help in running the drill at correct cutting speed and feed.
The worls 1s rigidly ¢lumped.

I he machine is In good condition,

A coolant is used If required,

Ihe dril) is correctly selected and ground for the material being cut.

The selection of drill depends upon the following,

Size of drill hole

Mauterial of workplece

Point angle of drill.

The rates of feed and cutting speed for twist drill are lower than most other machining
operntions beenuse of the following rensons,

The twist drill is weak compnred with other catting tools,

It 18 relntively difficult for the drill to eject chips.

I s difficult 1o keep the cutting edges cool when they are enclosed i he hole
Depth of eut, 10 Is equal fo one hall of the deill diameler

1) = Dinmeter of detll in mm.

(= Depth ol ¢ut hymny

<122 mm.

I
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1.8  Forces Acting on a Drill

All the clements of a drill are subject to certain forces in drilling. Resolving the
resultant forces of resistance to cutting at each point of the lip we obtain three forces Fz Fy
and Fy; acting in directions mutually perpendicular to each other. The horizontal forces Fi
acting on both lips are considered to counter balance each other. The vertical force Fyv also
called as thrust force comprises of the forces FyFva F¢ and Fm. (The forces Fc and F, are
not shown). The force Fyy, acts on the web. This force is quite large and is about 60% of the
total thrust force. This force Fya act on each of the two lips and forms the real cutting force
which depends upon the work material, cutting variables and cutting point geometry and 1s
about 37% of total thrust force. The Fc and Ey, are of smaller magnitude. The force F¢ 1s
due to the rubbing of the chips, flow from the hole against the sides of the hole and flutes
on the drill. This force is about 1% of the total thrust force. The force Fys 1s due 1o
therubbing action of margin of the drill against the sides of the hole and is about 2% of

thrust force,

In order that the drill to penetrate into the work piece the thrust force F applied to 1t
by the machine must overcome the sum of resistances acting along the dnll axis.
F>Y (Fv+2FvatFcthm)
The force F/ sets up the moment of resistance (M,)

M,=F,S

The total moment of the forces of resistance (M) to cutting is made up of the following
moments,

Moment of forces Fz1.e. Mg

Moment of forces due to scraping and friction on the chisel edge (M,)

Moment of the friction forces on the margins (M)

Moment of the forces of friction of the chip on the drill and on the machined surface (My)
M=M, +M+ M+ M.

The total moment of resistance should be overcome by the available torque of the drilling

machine.
1.9 Power of Drilling

When a drill is cutting it has to overcome the resistance offered by the metal and a

twisting effort is necessary (o urm it, The effort is called turning moment or torque on the

IS
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duill The torque required to operate a detll depen

N upon varlous (hetors, The relationship

between torque, dinmeter of deitl and (e

'y 15
N=C, fRp' newlon meters
Where

od (8 ax (0]

Il = Torque In Newton melre
/= Drill feed in mmAey,

D= Diameter of deill tn mm,

OAWNS

C = Constant depending upon the materlal belng drilled,

Table 1.4

The values of C are glven n table for difforent matorinly

Material to be drilled Value of ¢ S
LT — AT TR T

SO brass 0,084

Cust [ron 0.07

Mild steel 0.36

Carbon (ool steel 0.

Power (77) = 2eN7/60000 KW
Where N = Drlll speed in R’ M.

1O Mechandes of Dreilling procoss

Drilling is the most commonly used process. However, it s stll diffienlt 1o give an

exact analysis for the torque and thrust n deilling, Several researchers have (ound
emplirical relationship for thrust and torque in deilling applicable w dilterent work
materials, deill geometry and deilling conditions, In (wet, the thrust and torgque have been
expressed in exponential form i terms of detll feed, detll diameter and web thickness, The

general funetions are of the type given below,

I (Thrust) - C [ (B.D+ WD),
M (Torque) = Cyf 2D

Where 1D is the deill diameter, the detll feed, 11 the web thickness of the et and

(| olfletent I, € and Cs s well as the CAPORRIEN NV and e constonts tor a
[[SESE ‘ ' & o da

particular work material. For some materials these inetions are given befow

|6

Scanned by TapScanner



For nonferrous materials, the thrust force may be expressed in the form

F=C.f'D"
For instance, for
F=196.2"' DN
M=0.1265f DNm

Table 1.3 Point, Flute Helix and Relief Angles HSS Drills

| Point angle | Helix angTIc Relief angle

Work piece Material (degrees) | Of flute(degrees) | (degrees)
| il ! .

Aluminium alloys 90-140 24-45 12-15
Brasses I118-125 | 8-12 — [12-15

Cast irons(soft) 190-100 [18-30 [ 8-12

(hard) 118-150 |

"Copper T100-118 | 24-40 1215

I’Tastics(snf'f) — |80 30-40 12-15

(hard) 140 |2 8-10
| Steels(low strength) 1118 30 1918
"Steel(Medium strength) | 120 25 10-12
17
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1.11 Surface Roughness

Lay Jdareciion

Elaw

. -_- .'_r——..f‘_-_
Wavireess -N J"’ .

L. "
Roughness Helght (.« in ) / Waviness Hedght

L ay
{Directon of Finish Fattern)

Ficure 1.3  Surface structure after cutung process

Surface roughness is the measure if the fimer surface wregulantmes @ the surthce
texture. The final surface depends on the rotatwomal speed of the cutter, velocuy of travene,
feed rate and mechanical properties of work pieces beumg machuned. Swrface rowghaess
also plays a significant role in determining and evalutng the susface quabity of a product
Because surface roughness affects the fuesc twomad Characterintc of produacts sech s fatwe,
friction, wearing, light reflection, heat trammession, sod lubowation, the prodact quabity o
required to be at the high bevel (Ibeaheem 2007). While surface roaghoess also decregses.,

(3
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( ' increases. Fi '
1¢ product quality also increases. FFigure 2.1 show the surface roughness structure after

any cutting process with their terminology,

The surface roughness describes the geometry of the surface (o be machined and combined
with surface texture. The formation of surface roughness mechanism is very complicated

and mainly depends on machining process (Benardos & Vosniakos, 2003 Petropoulos et
al., 2006).

1.11.1 Surface roughness terminology

Roughness -Roughness consists of surface irregularities which result from the various
machining process. These irregularities combine to form surface texture
Roughness height -1t is the height of the irregularities with respect to a reference line. It is
measured in millimeters or microns or microfiches. It is also known as the height of
unevenness.

Roughness width -is the distance parallel to the nominal surface between successive peaks
which constitute the predominate pattern of the roughness.

Roughness width cut off -is the greatest spacing of respective surface irregularities 1o be
included in the measurement of the average roughness height. It should always be greater

(han the roughness width in order to obtain the total roughness height rating

Lay -the direction of predominant surface pattern produced and it reflects the machining

operation used 1o produce it.

Waviness -The irregularities which are outside the roughness width cut off values.
Waviness is the widely spaced component of the surlace texture. This may be the result of
work piece or 1ol deflection during machining, vibrations or tool run out.

Waviness width - Waviness height is the peak to valley distance of the surface profile,

measured in milhimeters.
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1.11.2 Surface finish in machining

Ideal roughness —

It1s a function of only feed and geometry. It represents the best possible finish which can
be obtained for a given tool shape and feed. It can be achieved only if the built-up-edge,
chatter and inaccuracies in the machine tool movements are eliminated completely. Natural
roughness -In practice, it is not usually possible to achieve conditions such as those

described above, and normally the natural surface roughness forms as larger proportion of
the actual roughness. One of the main factors contributing to natural roughness is the

occurrence of a built-up edge. Thus, larger the built up edge, the rougher would be the

surface produced, and factors tending to reduce chip-tool friction and to eliminate or

reduce the built-up edge would give improved surface finish.
1.12 Cylindricity

Cylindricity applies to all cross-sections of a cylindrical surface simultaneously.

The surface must lie between the two cylindrical surfaces which bound the tolerance zone
and are determined by a best-fit nominal cylinder

Fig 1.4 Cylindricity

1.13 Concentricity

Concentricity is the condition in which the axes of all cross-sectional elements of a
surface of revolution are common to the axis of a datum feature. Because the location of

the datum axis is difficult to find, it 1s easier to inspect for cylindncity or runout.

20
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1.14  Kecentricity

It is the term nsed to describe the position of the center of a profile relative 1o some
datum point. It is a vector quantity in that it has magnitude and direction. The magnstude of
the eccentricity is expressed simply as the distance between the datum point znd profile

center. The direction is expressed as simply as an angle from the datum point to the profile
cenler.

2]
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LITERATURE REVIEW

This chapter deals with different experiments

that are conducted by different people
regarding the present project,

RuiLia et al.[1] conducted experiments of high-throughput drilling of Ti—6A1—4V at

I83m/min cutting speed and 156mm?/s material removal rate (MRR) using a 4 mm
diameter WC—Co spiral point drill were conducted, The drilling process parameters,
including cutting speed, feed, and fluid supply, were studied to evaluate the effect on drill

life, thrust force, torque, energy, and burr formation. The tool wear

Mechanism, hole surface roughness, and chip light emission and morphology for high-

throughput drilling were investigated.

Samar Singh et al, [2] Developed an electric Discharge Drill Machine (EDDM) is
a spark erosion process to produce micro holes in conductive materials. This process is
widely used in aerospace, medical, dental and automobile industries In this research paper
a brass rod 2 mm diameter was selected as a tool electrode, The experiments generate
output responses such as material removal rate (MRR). The best parameters such as pulse
on-time, Pulse off-time and water pressure were studied for best machining characteristics.
This investigation presents the use of Taguchi approach for better MRR in drilling of Al-
7075,

Noorul Haq et al, [3] analyzed an approach for the optimization of drilling
parameters on drilling Al/SiC metal matrix composite with multiple responses based on
orthogonal- oral array with grey relational analysis. Experiments are conducted on [.M25-
based aluminium alloy reinforced with green bonded silicon carbide of size 25 pm (10%
volume fraction). Drilling tests are carried out using TiN coated HSS twist drills of 10 mm
diameter under dry condition. Based on the grey relational grade, optimum levels of

parameters have been identified and significant contribution of parameters is determined

by ANOVA.
P. N. E, Naveen et al. [4] studied about composite materials which are being used

in automobiles. It is difficult to machine hemp fiber composite materials with high
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cfficiency to vyield good quality products automotive industries. The present work
mvestigates the effects of the drilling parameters, speed and feed, on the damage factor in

drilling composites glass, hemp & sandwich fibers with different fiber volume fractions
(1.10%,20%&30%).

The objective of this paper is to decrease the damage factor of composite materials with
different fiber volume fractions, by varying drill parameters such as speed and feed. The
composite material having the size of 100%50x3 mm and using the drill diameter as 6 mm.

Yogendra Tyagi et al.[5] the drilling of mild steel with the help of CNC drilling
machining operation with tool use high speed steel by applying taguchi methodology has
been reported. The signal-to-noise ratio applied to find optimum process parameter for
CNC drilling machining .A L9 orthogonal array and analysis of variance (ANOVA) are
applied. Results obtained by taguchi method and signal-to-noise ratio match closely with
(ANOVA) and the feed are most effective factor for MRR. Multiple regression equation is
formulated for estimating predicted value surface roughness and MRR.

R. Vimal Sam Singh et al. [6] analyzed on Glass fiber reinforced plastics which are
finding increased applications in various engineering fields such as aerospace, automotive,
electronics and other industries. Drilling is one of the most frequently practiced machining
processes in industries owing to the need for component assembly in mechanical
structures. In this work, experiments were conducted using 8 Facet Solid Carbide drills
based on L.27 Orthogonal Array. The process parameters investigated are spindle speed,
feed rate and drill diameter, Fuzzy rule based model is developed to predict thrust force
and torque in drilling of GFRP composites. The results indicated that the model can be

effectively used for predicting the response variable by means of which delamination can

be controlled.

P. Stringer et al. [7] explained One of the most significant problems encountered in
machining, particularly in drilling, is that of burr formation. Burrs usually comprise of
work piece material which has been plastically deformed during the machining process and
projects beyond the desired edge of the work picce. The adverse effects ol burrs depend on
the component application bul may include; stress concentration and related fatigue failure
and increased wear on components and tools involved in the manufacture of the part. The

minimization or eradication of burrs pruduccd during the drilling process is therefore of the

24
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utmost | ‘
t importance. Currently there is a focus on reducing burr formation through

optimization of process control parameters and drill geometry.

Majid Tolouei-Rad et al. (8] analyzed that drilling is the most common machining

operation and it forms the highest machining cost in many manufacturing activities

including automotive engine production. The outcome of this operation depends upon
many factors including utilization of proper cutting tool geometry, cutting tool material
and the type of coating used to improve hardness and resistance to wear, and also cutting
parameters. With the availability of a large array of tool geometries, materials and
coatings, is has become a challenging task to select the best tool and cutting parameters

that would result in the lowest machining cost or highest profit rate.

Azlan Abdul Rahman et al. [9] presented the effect of drilling parameter such as
spindle speed, feed rate and drilling tool size on material removal rate (MRR). surface
roughness, dimensional accuracy and burr. In this work, a study on optimum drilling
parameter for HSS drilling tool in micro-drilling processes in order to find the best drilling
parameter for brass as a work piece material. Micro drilling experiment with 0.5 mm to 1.0
mm drill sizes were performed by changing the spindle speed and feed at three different
levels. The results were analyzed using microscope and surface roughness device.
Comparatives analysis has been done between surface roughness, MRR and accuracy of
drilled holes by experimentation. From the result, the surface roughness are mostly
influenced by spindle speed and feed rate. As the spindle and feed rate increases, the
surface roughness will decrease.

J. Pradeep Kumar et al.[10] utilized taguchi method to investigate the effects of
drilling parameters such as cutting speed (5, 6.5, 8 m/min), feed (0.15, 0.20, 0.25mm/rev)
and drill tool diameter (10, 12, 15mm) on surface roughness, tool wear by weight, matenal
removal rate and hole diameter error in drilling of OHNS material using HSS spiral drill.
Orthogonal arrays of taguchi, the Signal-to- Noise (S/N) ratio, the analysis of variance
(ANOVA), and regression analysis are employed to analyze the effect of drilling
parameters on the quality of drilled holes. A series of experiments based on L. 18
orthogonal array are conducted using DECKEL MAHO-DMC 835V machining center

The experimental results are collected and analyzed using commercial software package

MINITAB 15.

2
LN
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C. C. Tsao et al. [11] analyzed the Taguchi method for drilling quality associates

with core drill. The thrust force and surface roughness of core drill with drill parameters
(grit size of diamond, thickness, feed rate and spindle speed) in drilling Carbon Fiber
Reinforcement Plastic (CFRP) laminates was experimentally investigated. Composite
material for drilling was fabricated using autoclave molding. A L27 (313) orthogonal array
and signal-to-noise (S/N) were employed to analyze the effect of dnll parameters,

S. Basavarajappa et al.[12] discussed the influence of cutting parameters (cutting
speed and feedrate) on drilling characteristicsof  hybrid metal matrix  composite
(MMCs). Taguchi design of experiments and analysis of variance (ANOVA) are
employed to analyze the drilling characteristics of these composites. The experiments were
conducted to study the effect of spindle speed and feed rates on feed force, surface finish
and burr height using solid carbide multi facet drills of 5 mm diameter. The result shows
that the dependent variables are greatly influenced by the feed rate rather than the speed for
the both composites. The ceramic-graphite reinforced composite has better machinability

than those reinforced with SiCp composite.
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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 management and validation
tests. DOL 1Is essentially an experimental based modeling and is a designed experimental
approach which is far superior to unplanned approach whereby a systematic way will be
used to plan the experiment, collect the data and analyze the data, A mathematical mode]
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 Variance (ANOVA), Non-Linear Optimization and Desirability
functions helps to optimize the quality characteristics considered in a DOL under a cosl
effective process, ANOVA helps to identify cach factor effect versus the objective

function.

Experimental design was first introduced in the 1920s by R. A. Fischer working a
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, ete. 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

DOE became a more widely used modeling technique superseding 1ts predecessor
one-factor-at- time (OFA'T) technique, One of the main advantages ol DOL s that it shows
the relationship between paramelers and responses. In other words, DOLE shows the
interaction between variables which in turn allows us to focus on controlling important

parameters 1o obtain the best responses. DOJ: also can provide us with the most optimal

28
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setting of parametric values to find the best

possible Output characteristics. Besides from

that, the mathematical mode generated a prediction model which
can

is used because it saves time and cost in terms Gfexperimenlaliun. DOE function in such

the number of exXperiments or the number of runs is determined before the
actual experimentation is done. This way, time and cost can be saved

manner that

as we do not have to

repeat unnecessary experiment runs. Most usually, experiments will have error occurring.

Some of them might be predictable while Some errors are just out of control. DOE allows

us to handle these errors while still continuing with the analysis. DOE is excellent when it

comes to prediction linear behavior. How

ever, when it comes to nonlinear be 1avior, DOE
does not always give the best results.

3.2 Methodology

For conducting trial runs values or levels of these variables were chosen randomly
from an infinite potential level i.e. the sampling fraction for these trials runs was equal to zero.
however, we got a rough range of these factors from the literature we surveyed. With the help

of these trials runs effective. representative’s levels were developed for each factor (variables).

Three factor, three level Response Surface Method (RSM) Design is used to perform
the machining operations. Total 20 combinations of experiments are performed. The levels for
each factor were the highest value and the lowest value of the factors in between and at which
the outcome was acceptable. These values were outcomes of trials runs. Highest value has been

represented by ‘+’and the lowest value has been represented by *-" as mentioned in

Table 3.1, As per the design matrix the final runs were conducted and the response
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Table 3.1 Typical design matrix

Experiment | Factor | Factor | Factor
No. A B C
| -1 -] -
2 +1 -1 -
3 -1 +1 -
4 +1 +1 -1
5 -1 -1 +1
6 +1 -1 +1
7 o] +1 +1
8 +1 +1 +1
9 X 0 0
10 +1 0 0
11 0 -1 0
12 0 +1 0
13 0 0 -1
14 0 0 T
15 0 0 0
16 0 0 0
7 0 0 0
3 0 0 y
19 0 () 0
20 0 0 .
30
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3.3 Development of Mathematical Models

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

responses. 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 Equation 1.

Y=B+PBiXi+PaXat...._PeXst €

Eqg-(3.1)

3.4 Estimated of Regression Coefficients

The regression coefficient of the model were computed using the following formula

based on the method of least squares.

BJ=Xiiyi

N

Where:
J=0,1,2...k

N = Number of experimental trails

X = Number of columns of the designed matrix

xp= value of a factor or interaction in coded form.

YI=Average

A matrix designed to apply the above formula for the calculation of regression co-

efficient of the model is given in table.

3ecause of the orthogonal property of the design,

the estimated coefficients are uncorrelated with one another. Since the method of least

squares has been used, the estimates also possess the property of minimum variance. All

the regression coefficients of the model is expressed by the above equation were estimated

for the response parameter i.e. surface and material removal rate.

Checking the Adequacies of the Models

All the above estimated coefficients were used to construct the models for the

response parameter and these models were used to construct the models for the response

parameter and these models were tested by applying Analysis Of Variance (ANOVA)

3]
Scanned by TapScanner



technique F-ratio was calculated and compared, with the standard values for 95%

confidence level. If the calculated valye is Jess than the F-table values the model is
consider adequate.

In the present case the tabulated valye of F-ratio was found out as follows.

Fratio =2X (Sznd / SE}')

Where.

S*. = Variance of adequacy or residual variance

S’y = Variance of optimization parameter of variance of
reproducibility.

The variance of adequacy was calculated by %3 =2 (Yave — ypm)z /DOF

Where y,. = Value of response predicted.

DOF = Degree of freedom and is equal to (n-(K+1)

N = No of experimental trials

K = No. of independent variables

S =2 (Y1-Yav) / DOF

Yae = average of response observed -
Y, = other of the values of response parameter

DOF = Degree of freedom is equal to the number of experimental runs

3.6  Standard Fisher Ratio Table

A ratio has been developed in statistics that is very convenient for testing a
hypothesis on the adequacy of the model.

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

The table constructed as follows.

The columns are related to a definite number of degrees of freedom for the number
fl and rows for the denominator 2. The critical values of the F-ratio are found at the
intersection of the corresponding rows and columns. As a role, a significance level of 5%

i . rachnical problems. (F- Table shown in Table 3.2).
(confidence level of 95%) is used In technical p
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37  Development of the Final Mathematical Model

The final mathematical model was constructed by using only significant

coefficients and are shown in table.

The values predicted by these mode] were also checked by actually conducting
those
experiments by keeping the value of the process parameter at some values other than
ithi ' ere found
ised for developing the models but within the zone and the results obtained were
1

' Zi results.
satisfactory. Then these models were used for drawing graphs and analyzing the

33
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Table 3.2 Values of F- Ratio at 95% significance Level
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§ 1 2 3 4 5 6 12 | 24 | 00
T [ 164.4 | 199.5 | 215.7 | 224.6 | 230.2 | 234.0 | 2449 | 249.0 | 2543
> | 185 | 192 | 193 | 193 [ 193 [ 194 | 194 | 194 | 195
3 | 101 | 96 | 93 [ 91 | 90 | 89 | 87 | 87 | 85
a2 | 77 | 69 | 66 | 64 | 63 | 62 | 59 | 58 | 5.6
s | 66 | 58 | 54 | 52 | 51 | 50 | 47 | 45 | 44
c | 60 | 51 | 48 [ 45 [ 44 | 43 | 40 | 38 | 3.7
~ | 55 | 47 | 44 | 41 | 40 | 39 | 36 | 34 | 32
s | 53 | 45 | 41 | 38 [ 37 | 36 | 33 | 31 | 20
9 | 51 | 43 [ 39 | 3. g5 | 32 | 29 | 27 | 25
0 | 50 | 41 | 37 | 35 | 33 | 32 | 29 | 27 | 25
1 | 48 | 40 | 36 | 34 | 32 | 30 | 29 | 25 | 23
2> | 48 | 39 | 35 | 33 [ 31 | 30 | 27 | 25 | 23
13 | 47 | 38 | 34 [ 32 | 30 [ 29 | 26 | 24 | 2.2
14 | 46 | 37 1 33 | 31 | 30 | 29 3 25 { 23 ] 21
ik | 45 | 37 | 33 | 31 | 20 | 28 | 25 | 23 | 2]
16 | 45 | 36 | 32 | 30 [ 29 | 27 | 24 | 22 | 20
7 | 45 | a6 .| 32 | 29 | 28 | 27 | 24 | 22 | 20
18 | 44 | 36 | 32 | 29 | 28 | 27 | 23 | 2.1 1.9
19 | 44 | 35 [ 31 | 29 | 27 | 26 | 23 | 2.1 1.9
20 | 44 | 35 | 31 [ 29 | 27 | 26 | 23 | 2.1 1.8
22 | 43 | 34 |.3.b4 28°1:27 .26 | 22 | 20 | 1.8
24 | 43 | 34 | 30 | 28 | 26 | 25 [ 22 | 20 [ 17
2% | 42 | 34 | 30 | 27 | 26 | 25 | 22 | 20 | 1.7
28 | 42 [ 33 | 30 [ 27 | 26 | 24 | 2.1 Y
30 | 42 [ 33 | 29 | 27 | 25 | 24 | 2.1 19 | 1.6
40 | 41 | 32 [ 29 | 26 | 25 | 23 | 2.0 1.8 [ 15
60 | 40 [ 32 | 28 | 25 | 24 | 23 .9 1.7 | 14
120 | 39 | 31 | 27 | 25 | 23 | 2.2 1.8 1.6 | 1.3
00 | 38 [ 30 | 26 | 24 | 22 | 2] 1.8 1.5 1.0
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EXPERIMENTAL SETUP
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A0 Wadind Deilling Machine Specifications:

Drilling Capacity: 400
Radivs: 1125mm

Number of speods; 8

Speed Range: 71 < 1800 rpm
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Fig 4.2 Specifications of radial drilling machine for various metals

i

4.3 Tool Material

High Speed Tool Steel
High speed steels (1SS) are carbon steels with alloying elements such as Tungsten (W).
Chromium (Cr), Vanadium (V), Molybdenum (Mo) and Cobalt (Co)

These are normally grouped into three classes
Class < I 18-4<1 HSS' 18% W, 4% Cr, 1%V

37
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Fig 4.3 Work piece material

B

Fig 4.4 Various drill bits used for machining

45 Coordinate Mcasuring Machine (CMM)

With the advent of numencally controlled machune tools, the demand has grown for

Some means (0 support these cquipment There has been growing need to have an
dpparatus that can do [aster first prece nspeclon and many umes, 100% dimensional
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Fig 4.6 Co-erdinate Measuring Machine

Vig 4.7 Prube touchiag figure
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EXPERIMENTAL
PROCEDURE AND ANALYSIS

In this chapter we explain about the experimental values and the predicted values
that we obtained.

Commercial bronze of thickness 25 mm 1s taken and both the sides are faced so that flat

surface is obtained. Spindle speed, feed and drill diameter are taken as input process

parameters. The values of the process parameters selected for the

experimentation are
shown In Table 5.1. The minimum and maximum values of

the process parameters are
chosen based on work piece material and tool material

Table 5.1 Parameters and their limits
Levels
Parameter -1 0 +1
Spindle Speed (rpm) 280 450 710
Feed (mm/sec) 0.13 0.21 ' 0.33
Drill Diameter (mm) 8 10 12

Design of Experiments (DOE) is used to select the design matrix. Experiments are
performed as per Response Surface Method, CCD matrix for three factors and three levels.
Total 20 combinations of experiments are carried out in dry machining condition. Drill
hole geometries (Circularity, Cylindricity, Concentricity_X, Concentricity Y) are

measured using CMM s and reported in Table 5.2 for dry machining. Predicted values are
presented in Table 5.3.
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