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The main objective of this work deals with the effect of cutting parameters on different
alloys (Brass, Bronze) in drilling operation to optimize the minimum cutting forces, minimum
temperature and maximum material removal rate using surface response analysis. Now a days

Brass and Bronze alloys are used in many engineering applications such as manufacturing of
shafts, gears, stressed pins, studs, bolts, keys etc., due to good tensile strength.

In the present work full factorial design is considered with process parameters such as
speed, feed, and diameter of the drill bit. By using mathematical model the main and interaction
effect of various parameters on MRR, temperature, cutting forces are studied. The developed

model helps in achieving desired material removal rate and minimum cutting forces in wet
conditions (using cutting fluids).
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1.1 Drilling Operation

Drilling is a cutting process that uses a drill bit to cut a hole of circular cross-section in solid
materials as shown in fig 1.1. The drill bit is usually a rotary cutting tool, often multipoint. The
bit is pressed against the work piece and rotated at rates from hundreds to thousands of
revolutions per minute. This forces the cutting edge against the work piece, cutting off chips

from the hole as it is drilled. The machine used for drilling is called drilling machine.

The drilling operation can also be accomplished in lathe, in which the drill is held in tailstock

and the work is held by the chuck.

The most common drill used is the twist drill.

Fig 1.1 : Drilling operation

1.2 Adjustable Cutting parameters in Drilling

¢ drilling operation are speed, feed and depth of cut other

The three primary factors in any basi
of course, but these three

e of tool have a large influence,

factors such as kind of material and typ
djusting the controls, right on the machine.

are the ones the operator can change by a



1.2.1. Speed:

Speed alwave refers to the spindle and the work prece When it i« stated in revalutions per minute
(rpm) i1 defines the speed of totation Bt the important featyre for 2 particnlar turming operation
is the surface speed. or the speed m which the work prece material @ maving past the cufting
ool It is simply. the product of the rotating wpeed times the circumference of the work pece
hefore the out is started. 1t is expressed in meter per minute (m/min). and it refers only 0 the
work piece. Every different diameter on a work piece will have a different cutting speed. even

though the rotating speed remains the same

v =aDN/1000 (mm/min)
Here. V is the cutting speed in turning in m/ min,
D is the initial diameter of the work piece in mm.

N is the spindle speed inr, p.m.

1.2.2 Feed

Feed always refers to the cutting tool, and it is the rate at which the tool advances along &5

cutting path. On most power-fed machines, the feed rate is directly related to the spindle speed

and is expressed in mm (of tool advance) per revolution (of the spindle), or mm/rev.

Fm=f*N (mm/min)

Here, Fm is the feed in mm per minute
f -Feed in mm/rev and
N- Spindle speed in r.p.m.

1.2.3 Depth of cut:

y self- explanatory. It is the thickness of the layer being over (in a single

Depth of cut is practicall
ce from the uncut surface of work to the

pass) from the work piece or the distan cut surface,



expressed in mm. It is important to note, though, that the diameter of the work piece is reduced

by two times the depth of cut because this layer is being removed from both sides of the work.

D=(Di-Dr)/2 (mm)
D-Depth of cut in mm

Di-Initial diameter of the work piece
Dr-Final diameter of the work piece.

1.3 Drill Bit

Drill bits are cutting tools used to remove material to create holes, almost always of circular

cross-section. Drill bits come in many sizes and shape and can create different kinds of holes in

many different materials. In order to create holes drill bits are attached to a drill, which powers

them to cut through the workpiece typically by rotation. The drill will grasp the upper end of a
bit called the shank in the chuck.

Drill bits come in dard sizes, described in the drill bit sizes article. A comprehensive drill bit and

tap size chart lists metric and imperial sized drill bits alongside the required screw tap sizes.
There are also certain specialized drill bits that can create holes with a non-circular cross-section.
To drill a satisfactory hole in any material, the correct type of drill bit must be used: it must be
used correctly and be sharpened as appropriate. Many jobs around the house require a hole of
some kind to be drilled- whether it is putting up a shelf, building a cabinet or hanging a light
fitting for basic requirements, a set of high-speed steel twist drills and some masonry bits will
probably be sufficient for the average handyman. But for more sophisticated jobs/material, others
bits will be required - perhaps larger, or designed for a specific material/purpose. Good quality
drill bits can be expensive, so take care of them, keep them in a case or box if possible, rather
than allowing them to roll around loose in a toolbox where the cutting edges may be damaged.
Learning how to sharpen drill bits is cost effective, it better to keep a bit sharp by occasional
sharpening rather than waiting until it becomes really blunt. A sharp bit cuts better with less

effort whether used in a power or hand drill. A sharp bit will also give a cleaner hole.



1.3.1 Twist bits:

Usually referred to as twist drills, twist bits are probably the most common drilling tools used by
the handyman with either a hand or electric drill The front edges cut the material and the spirals
along the length remove the debris from the hole and tend to keep the bit straight as shown in fig
1.2. They can be used on timber, metal,plastics and similar materials. Most twist bits are made
from following High speed steel (HSS) these are suitable for drilling most types of
material,when drilling metal the HSS stands up to the high temperatures. High Speed Steel is a
high carbon tool steel, containing a large dose of tungsten. A typical HSS composition is:
18%tungsten, 4% Chromium, 1% vanadium, 0.7% carbon and the rest, Iron. HSS tools have a
hamess of 62-64 Rc. The addition of 5 to 8% cobalt to HSS imparts higher strength and wear
resistance carbon steel: these bits are specially ground for drilling wood and should not be used

for drilling metals, they tend to be more brittle, less flexible than HSS bits.

Low Carbon Steel-Composition of 0.05%-0.25% carbon and up to 0.4% manganese. Also known
as mild steel, it is a low-cost material that is easy to shape. While not as hard as higher-carbon

steels, carburizing can increase its surface hardness.

Medium Carbon Steel-Composition of 0.29%-0.54% carbon, with 0.60%-1.65% manganese.

Medium carbon steel is ductile and strong, with long-wearing properties.

High Carbon Steel-Composition of 0.55%-0.95% carbon, with 0.30%-0.90% manganese. It is
very strong and holds shape memory well, making it ideal for springs and wire.Very High
Carbon Steel-Composition of 0.96%-2.1% carbon. Its high carbon content makes it an extremely

strong material. Due to its brittleness, this grade requires special handling.

m nitride (TiN), these are easily identified by the
ardness of the bit and adds a self-lubricating

n metal is being drilled, it has little effect when

Twist bits are also available coated with Titaniu
gold like colour. This coating increases the h

property. The coating is only really effective whe
y available in sizes 0.8-12 mm plus. They are

imes tend to clog quickly especially when

ecially in hardwood) the bits should be

working with other materials. Twist drills are usuall
designed for drilling relatively small holes, they somet
the wood is 'green' so when drilling deep holes (esp

withdrawn regularly to remove the waste. Special care is required when using the smallest sizes



e these bits are thi ‘ '
cinee the its are thin and britt], Always hold the drill square to the work and apply anly light

pressure when drilling

ening - use 1 ATTYe : . _— _ .
sharpening a dnill sharpener, a grindstone jig or an oilstone. Titanium nitride hits cannot

be sharpened without destroying the coating (although if the drill needs sharpening, the coating

" ) [ ey ’ e . . . . ~
will probably have already been de stroyed). Forming the correct angle at the tip is important for

cfficient cutting.

FIG 1.2 : Twist Drill bit

1.3.2 Screwdriver bit:

Drills designed to fit in rechargeable screwdriver these bits have a hexagonal shank. They are
ideal for drilling pilot holes but are limited by the low power of these type of screwdrivers and

the limited size of small bits available. Sharpening: same as for twist drills.
1.3.3 Masonry bit

As the name suggests, these are designed for drilling into brick, block, stone.tiles or concrete.
The cutting tip is often made from tungsten carbide bonded to quarry a spiraled steel shaft. Some
masonry drills are described as 'durum tipped', this term refers to a highly durable silicon bronze
alloy used instead of tungsten as the cutting point as shown in fig 1.3. Masonry drills are usually
used in a power drill; although they can be used with a lot of effort in a hand brace. Most
masonry bits can be used with a hammer action power drill, but always check as the action is
quite punishing on the bit and cheaper bits have been known to shatter when subjected to the

pounding. Always use a slow rotational speed for drilling into harder materials to avoid



averheating the tip. and frequently withdraw the bit to remave duat [.ong Masonry hits (300 to

400mm ) are available for drilling through masonry walls

Bit sizes range from 4 to 16mm: use a drill sharpener or grindstone to sharpen the fungsten

carbide tip.

Fig 1.3 : Masonry Drill Bit

1.3.4 Spur point bit:

Also known as a wood or dowel bit they have a central point and two raised spurs that help keep
the bit drilling straight as shown in fig 1.4. The bit cuts timber very fast when used in a power
drill and leaves a clean sided hole. They are ideal for drilling holes for dowels as the sides of the
holes are clean and parallel. Sizes range from 3 to 10mm. Spur point bits should only be used for
drilling wood or some plastics.

Fig 1.4 : spur point bit

Sharpening : a bit fiddly as it has to be done by hand. Sharpen the point and spurs with a fine

file or edge of a fine grindstone; the angle between the point and spurs should be 90°.



1.3.5 Bullet pilot point:

With their central point and two spurs, Bullet drills resemble spur point bits.but can be used in
metal, wood and plastics. Unlike normal twist drill. the twisted flutes are ground away: making a
truer. more accurate bit than normal twist bits as shown in fig 1.5. They cut a clean hole and
cause little damage when they break through the back of the workpiece. Bit sizes range from 1.5

to 13 mm.Sharpening-cannot be carried out satisfactorily.

M

Fig 1.5 : Bullet Point Drill Bit
1.3.6 Countersink:

Although not a true 'drill', it is used in a power or hand drill to form the conical recess for the
heads of countersunk screws as shown in fig 1.6. These bits tend to be designed for use on soft
materials such as timber and plastics, not metals. When used with a power drill to counter sink
an existing hole, the bit tends top 'chatter, leaving a rough surface. Better results be will obtained
if the countersink bit is used before the hole is drilled, then take care to ensure that the hole is in
the centre of the countersunk depression. Countersinks are available with fitted handles so that
they can be used by hand twisting, often easier than changing the bit in the drill when only a
relatively few holes need countersinking.

Sharpening; difficult, but can be done with a fine triangular file

Fig 1.6 : counter sink drill bit



1.3.7 Countersink with clearance drill:

These combination bits ‘ : .
= are quite clever , the) drill the clearance hole and counter inks 1t all

stroke. Can be used in er dri

one a power drill or some routers. Different bits are required for different
e of clearance holes and they . ,

sze o they are probably not cost effective unless a large number of 2 Ziven

hole size need to be drilled and countersunk.Sharpening: difficult. due to shape of spur pomts

1.3.8 Tile bit:

-
]

4 bit for drilling ceramic tiles and glass, it has a ground tungsten arbide tip as shown in fig |
Thev can be used with a hand drill, but are best used in a variable speed power drill on a slow
speed. When drilling glass, some form of lubricant (i.e.turpentine or white spirit) should be used
slow

1o keep the tip cool. Ceramic tiles can also be drilled using a masonry bit if it is used at

speed and without hammer action.

With care and patience, a blunt edge can be made good using an oilstone.1.3.9

fig 1.7: Tile Bit

1.3.9 Flat wood bit:

Intended for power drill use only, the Centre point locates the bit and the flat steel on either side

cuts away the timber as shown in fi
flat bottomed hole (with a central po

recessed into the timber- always use th

g 1.8. These bits are u drill fairly large holes and they give a
int) so are ideal where the head of a screw/bolt needs to be

is bit before drilling the clearance holc for the bolt.

erful drill to bore deep holes. The bits cause a lot of

The larger bits require a fairly pow
sacrificial backing board will

k of the workpiece using a

splintering as they break out the bac
ally suitable for enlarging an existing h

reduce this. Flat wood bits are not re

between & and 32mm.Sharpening use @ fine file, oilstone Of grindstone.

ole.Sizes range



-

=N\

1.3.10 Hole saw: Fig 1.8 : Flat Bit

Used for cutting lar. i ,

s g d ge, fixed, diameter holes in wood or plastic. They will usually cut up 2
th of 18mm - i :

ep eeper versions are available. Best used in a power drill at low speed as the

blade saws 1S WEY through the material. Sharpening - could be done with a fine triangular file as

the Hole Saw above, these combination saws can

for an ordinary saw. Combination hole saw Li

cut large holes but they consist of a Lumber of different sized round saw blades, usually ranging
from about 25 to 62 mm in diameter. Normally the blade are secures by a radial screw i the
all blades other than the desired sized being removed before the screw is inserted to secure

d diameter blade. Best used in a power drill at low speed as the blade saws it's

head,
the require

through the material.

way

Sharpening-could be done with a fine triangular file and isetter’ as for an ordinary saw.

1.3.11 Forstner bit:
Used to form holes with a flat bottom, such as for kitchen cupboar

drill held in 2 drill stand as there'
is difficult to control as ther

d hinges.Best used in a pOWer
s little in the way of a centralpoint. If used freehand, the

e is no central pilot bit. The bit is shown in fig 1.9

positioning
file.

g-on an oilstone or with a fine

Sharpenin

fig1.9: Forstner drill bit



1.3.12 Wood auger bit:

This is ideal when drilling large-diameter, deep holes in wood or thick man made hoards 25
shown in fig 1.10. Generally an Auger should be used in hand brace. The bit will cut a clean and
deep. flat hottomed holes. The single spur cuts and defines the edge of the hole while the chisel-
ike cutting edge removes the waste within the previously cut circle. The threaded Centre bites
into the wood and pulls the bit into the timber. This' pulling action means that the bit is rzally

unsuitable for use in a power drill.

—

Fig 1.10 : wood auger drill bit

Sharpening- use a fine file or oilstone to keep the spur and main cutting edges sharp.

1.4 Classification of Drilling Machines:

In 2 lot of manufacturing processes, one of the most indispensable machining tools is the drilling

machine. The drilling machine is commonly called

various sizes of holes in any surface area and to precise depths. Aside from the fact the drilling
are a few other functions that the drilling

machine is wsed primarily in drilling holes, there
machine is capable of performing.

a drill press and is responsible for drilling

These functions include tapping, spot facing, reaming, countersinking, and counter boring o

name a few.

14.1 Table top sensitive drilling machine:

General purpose drilling machines of common use Table top small sensitive drilling machine

These small capacity (0.5 kW) upright ( vertical) sing
(bolted) on rigid table and manually operated using usua

le spindle drilling machines are mounted

lly small size (f=10 mm) drills. Fig .11

typically srows one such machine.

10
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“Orll head
1" |
¢ Spindie

Coumn 4=+ Jr=an

W - X

le— Quil sugoort
T
4

Table

( Base A
Fig 1.11: table top sensitive drilling machine

1.42 Pillar drilling machine:

hines, usually called pillar drills, are quite similar to the table top drilling

Je larger size and higher capacity (0.55 1.1 kW) and are grouted on the floor

Iso, the drill-feed and the work table
chines

These drilling mac

machines but of litt
movement are done manually. Fig .12

(foundation). Here a

illar drill. These low cost drilling ma have tall tubular columns and are

typically shows a p

generally used for small jobs and light drilling.

11



Hand Wheel

prill Chuck
Electric Motor

Wabie <+—Pillar

be Drilling Machine

Fig 1.12 : pillar drilling machine

1.43 Column drilling machine:

These box shaped column type drilling machines as shown in fig 1.13 is much more strong, rigid

ar drills. In column drills the feed gear box enables automatic and

and powerful than the pill
power feed of the rotating drill at different feed rates as desired. Blanks of various size and shape

are rigidly clamped on the bed or table or in the vice fitted on that. Such drilling machines are

most widely used and over wide range (light to heavy) work.



Fig 1.13 : column drilling machine

1.44 Radial drilling machine:

Thfs usually large drl-llmg machine possesses a radial arm which along with the drilling head can
ping ATOES Vef.“c.ally up and down as can be seen in fig 1.14. The radial, vertical and Swin

movement .of the drilling head enables locating the drill spindle at any point within a very lar “‘
space required by large and odd shaped jobs. There are some more versatile radial jrilhj:

machines where the spindle can be additionally swiveled and/ or tilted

Fig1.14: radial drilling machine

13



1.4.5 CNC Column drilling machine:

ln the ¢ Cr'S alile “]d ﬂ i 1 11 e rig
S VI S ¢ CXIny a“t(““a“c dn”mg IIIﬂ(‘hiH(‘. llﬂVi!lQ I)”/ » (,'P'”'”H 'y” g It ld

Stl‘udure the WU‘k tahlc mov S H ) . b
1( c‘“enL and Spmdlc rota ti()n are pr()gmmmed and H(Ll',”mp”r'hed ;"/

Computer Numerical Control (CNC) as shown in fig 1.15

These modern sophisticated drilling machines are suitable for piece or batch production of

precision jobs.

Fig 1.15 : cnc column drilling machine

1.4.6 Hand drills:

Unlike the grouted stationary drilling machines, the hand drill is a portable drilling device which

is mostly held in hand and used at the locations where holes have to be drilled.. The small and

reasonably light hand drills are run by a high speed electric motor. In fire hazardous areas the

drill is often rotated by compressed air. Hand drill in operation.

1.47 Gang drilling machine:

more productive machine a number (2to 6) of spindles with

In this almost single purpose and

drills (of same or different size) in a 10

simultaneously through the jig. F ig 1.16 sche

w are made t0 produce number of holes progressively or

matically shows a typical gang drilling machine.

14



Fig 1.16 : Gang drilling machine.

1.4.8 Turret (type) drilling machine:

Turret drilling machines are structurally rigid column type but are more productive
like gang drill by having a pentagon or hexagon turret as shown in fig. the turret bearing a
number of drills and similar tools is indexed and moved up and down to perform quickly the
desired series of operations progressively . These drilling machines are available with varying

degree of automation both fixed and flexible type . schematic view of turret type drilling machine
is shown in fig 1.17

Fig 1.17 : turret (type) drilling machine



adle drilling machine:

gltisP!

some ¢ moving the heavy drilling head.
ins

fig 1.18 : a typical multi nspindle drilling machine
1410 Micro(or mini) drilling machine :

The type of tony drilling machine of height within around 200 mm is placed or clamped
ona table, as shown in fig 1.19 and operated manually for drilling small holes of around 1 to 3
mm diameter in small work pieces.



fig 1.19 photo graphic view of

2 micra drilling machine

1.4.11 Deep hole drilling machine:

Very deep holes of L/D ratio 6 to even 30. required for rifle harrels long
holes in shafts . bearing | connecting rods etc. are very difficult to make for )
drills and difficulties in cutting fluid application and chip removal = Such irilling cannot
done in ordinary drilling machine such as gun drilling machines with horizontal axis which
provided with high spindle speed high rigidity tool guide pressurized cutting o1l for =ffectiye
cooling. chip removal and lubrication at the drill tip as shown in fig 120 Deep hole dn
machines are available with both hard automation and CNC system. ‘

slendernes

Fig 1.20: deep hole drilling machine

L5 Kinematic system of general purpose drilling machine and their principle of
working:

Kinematic system in any machine tool is comprised of chains(s) of several
mechanisms to enable transform and transmit motions () trom the power sources(s) from the
cutting tool and the work piece for the desired machining action. The kinematic structure varies
from machine tool 1o machine tool requiring difterent type and number of tool work motions .

17



even for lh.c samc' type of machine tool , say column drilli :
different kinematic structure depending upon Pfﬂductli l?g machine , the d.cisigner may take
compactness, overall C‘TSt-CtC,']‘argc(cd. Schematically Sh(\:;’y process c'apahm'ty . durability,
very general purpose drl?lmg machine like, a column d;illin ::] t)"ﬁ‘lcal kmgmauc a"syatem of a
and 6 feeds the kinematic system enable the drilling machi:e ﬂ: f:,r;le(,tl:\;:;é 12 xtpy:\clle skpeed«
sssential works .

1.5.1 Cutting motion:

The cutting motion in drilli o ,
different speeds (rpm). Like center lathesfl;:li]]ll?fgrrr:::;?::s I:tcattzlr?ﬁ?n by rr)ﬁting t]he drill ~at
e rea.s onab!y la.rge number of spindle speeds to cover the‘,useful rganm:: r”;evgra 1:0 ﬂeed; r
o0 m?tenal, (.jn" diameter, machining and machine tool conditions, it isgshox)v . "'r cmf;j;:
that drill gets its rotary motion from the motor through the speed géar box( SGI; - ;5 - )
bevel gears. For the same motor speed, the drill speed can be changed to any of thiz alnz "a PZ“' ‘j
shifting the cluster gears in the SGB, the direction of rotation of the dril% can be ”;::i‘csi )i"
needed, by operating the clutch in the speed reversal mechanisms. changed, 1

1.5.2 Feed motion:

. ln.dnllmg. machines, generally both the cutting motion and feed motion are imparted
to the drill. Like cutting velocity or speed, the feed (rate) also needs varying (with in a range)
depending upon the tool work materials and other conditions and requirements. Fig visuali;eé
that the drill receives its feed motion from the output shaft of the SGB through the fe;d gear box
(FGA), and the clutch. The feed rate can be changed to any of the 6 rates by shifting thevgears in
the FGB and the automatic feed direction can be reversed, when required, by operating the speed
reversal mechanism. The slow rotation of the pinion causes the axial motion of the drill by
moving the rack provided on the quill. The upper position of the spindle is reduced in diamete'r
and splined to allow its passing through the gear without hampering transmission of its rotation.

1.5.3 Application of drilling machines:

Drilling machines of different capacity and con
nd occasionally for enlarging the
[ls are suitably used for various app
r of the holes.

figuration are basically used for
originating cylindrical holes a existing holes to full or partial
lications depending upon

depth .but different types of dri
work material, tool material, depth and diamete

1.6 Tool geometry:
ad been used. Twist drills are the

For the present machine process twist drill h . |
most common cutting tools used with the drilling machines. TWist drills are designed to make



1.6.1 Axis:

Axis is an imaginary straight line that f;
orms ) .
121, the center line of the drill as shown in fig

Fig 1.21: axis

1.6.2 Back taper: It is a straight decrease in diame i
. ter from tt :
body of the drill as shown in fig 1.22. point towards shank, in the

Shank should
be straight

Fig 1.22 : back taper

1.6.3 Body diameter clearance: The portion of the land that has been cut away so it will not
bind against yhe walls of the hole as shown in fig 1.23
Body

Diameter
Clearance

Fig 1.23 : body diametric clearance



64 Body:

portion of the drill extending from the en

s shown in fig 1.24 d of the flutes to the outer corner of the

Cuﬂing edges a

- sODY —1

-

Outer Corner
Of Cutting Lip
(Shoulder)

Fig 1.24 : body of drill bit

1.6.5 Chisel edge:

The edge at the end of the web that connects the cutting lips as shown in fig 1.25

Fig 1.25 : chisel edge

1.6.6 Chisel edge angle:

The angle between the chisel edge and the cutting lips (edges) as shown in fig 1.26

Area ground away
during split pointing

Secondary
Cutting Edges

' 1.26 : drill diameter
Fig 1.2 o



i diameter:
7 DA
1.6-

e diameter over the margins of the drill measures at the point as shown in fig 1.27

Margin
M’I’g.n

fig 1.27 : drill diameter

1.6-8 FluteS:

Grooves formed in the body of the drill to provide cutting edges, to permit removal of

chips, and to allow cutting fluid to reach the cutting area as shown in fig 1.28 .

FLUTES

Fig 1.28 : lip relief angle

1.69 Lip relief angle:

The relief angle at the outer corner of the lip as shown in fig 1.29

Rel?ef A
Angle

Fig 1.29 : margin of drll bit

21



. not cy .
{1 in the holes as shown in fig 1 30, taway to provide clearance, it stabilizes

the dri

Margn\

Fig 1.30 : margin of dril] bit
1.6-11 Margin width:
The width of the portion of the drill lands not cut away foe clearance as shown in fig 1.30 .

1.6.12 Web tapered:

Tlile web thickness increases in thickness from point to the shank to enhance the
rigidity of the drill as shown in fig 1.31 .

\ 2

fig 1.31 : web tapered

1.6.13 Web:

The central portion of the body that joins the lands. The extreme end of the web
forms the chisel edge on a two flute drill as shown in fig 1.32.

VvV EES




. p.illiug l\p(‘h\ﬁm\_\‘:
1.

\;»mnons that can be pertormed i a drilling machine ar
( ¢ are

Drilling
s reaming
» Boring
Counter boring
Counter sinking

. ‘[‘apping

RA Drilling:

. .o operation by whic od i eal:
IS 3“v ‘Perft : v \ ! “‘h l.loles are produced in solid metal by means of revolving tool called
gaill". Fig 1,33 ShOws the various operations on drilling machine \

172 Reaming:

ngisan acc-urate way of sizing and finishing the pre existing hole. Multi tooth cutting tool.
y of 0.005 mm can be achieved. "

Reami
Accurac

1.7.3 Boring:

Boring is & process of enlarging an existing hole by single point cutting tool. Boring operation
is often preferred because we can correct hole size, or alignment can produce smooth finish.
Boring tool is held in the boring bar which has the shank. Accuracy of 0.003mm can be

achieved.

1.7.4 Counter bore:

This operation uses pilot to guide the cutting action to accommodate the heads of the bolts.
Figl.33 illustrates the counter boring, countersinking and spot facing process.

1.7.5 Counter sink:

Special angle cone shaped enlargement at the end of the hole to accommodate the screws.,

Cone angles of 60, 82, 90, 100, 110, 120.

1.76 Ta i
’ pping
are formed. it is pertbrmed either by hand or

Tappine i S
apping is a process by which internal threads
pping is done. Figl.33 shows the

mac}.\ine . Minor diameter of the thread is drilled and then ta

23



s.
Center drilling
6. Spot facing

Fig 1.33 : various operations performed on drilling machine

1.8 Work holding devices:

1.8.1 Machine table vice:
The machine vice is equipped with jaws with clamps the work piece. The vice can be bolted to

the drilling ‘table 01: the t.ail can be swung around fig shows the standard and swivel vice. The
qwivel vice is machine wise that can be swivel through 360 on horizontal plane .

Fig 1.34 : machine table vice

1.8-2 Step blocks:

These are built to allow height adjustments for mounting the drilling jobs and are used to strap

clamps and Jong T slot bolts.

24



183 Clamps:

A 2 Hhle 10 e )
They are small. portable vises, which bear aganst the work piece and holding devices

’ ~ NS -
ommon tyPe of clamps are c-clamps, paralle| clamp, machine strap clamp. u-clamp. efe

WS the correct and incorrect methods of mounting the work piece

1.84V blocks:

They are designed to hold round work pieces.

1'3,5 Angles:

Angle plates ar€ made in 90 angle with slot and bolt holes for securing work to the table.

1.8.6 Jigs:

The jigs guide the drill through a bushing to locate and drill holes accurately.

1.8.7 T-slot bolts:

They are special bolts which as at shaped head, which slides into T slots of drilling
machine work table.

1.9 Introduction to Mini tab:

Mini tab is a statistical package. It was developed at the Pennsylvania state
university by researchers Barbara F.ryan, Thomas a ryan jr., and brain . joiner in 1972. Minitab
begins with a lighter version of OMINITAB, statistical analysis research. Statistical analysis
computer application has the advantages of being accurate, reliable and general faster than
computing statistics and drawing graphs by hand. Mini tab is relatively easy to use once you
know a few fundamentals.

Minitab is disturbed by Minitab Inc., a privately owned company head quartered in a state
college, Pennsylvania with subsidiaries inventory, England (mini tab limited), Paris, France
(Minitab sarl) and Sydney, Australia (Minitab pty).

Today mini tab is often used in conjunction with implementation of six sigma, CMMI and
others statically base process improvements methods. Minitab 17 latest version of the software

25



2ohle i nguages: English, F :
_qilable in 7 languag ghsh, France, (
js aval Jerman, Japanese, Korean, simplified Chinese and

spanish

Minitab is statistical analysis software. It can b
e > . e used for learning about statics and
statistlca] research. Statistical analysis computer applications have the advantage of being

liable. and generally faster th .
pecurate. T : a1 computing statit i
Mini tab is a relatively easy to use once you know a few funda:ini:?s draving graphs by harc

Minitab Inc. p.roc?uces two other complement mini tab17: Quality trainer, a learning package
hat reaches StﬁtlSthB:I tools and concepts in the context of quality im rove’ment th;tginﬁewatis
with mini tab 17 0 51multat.1eous|y develop the users statistical knowIch)ige and ability to u:e the
mini tab software and quality companion, an integrated tools for managing six sigma and lean

manufacturing project that allows mini tab data to be combined with management and
governance tools and documents.

Mini tab has two main types of files, projects and work sheets. Worksheets are files that are
made up of data think of a spread sheet containing variables of data. Projects are made up of the
commands, graphs, and work sheets. Every time you save a minicab project you will be saving
graphs, worksheets and commands. However each one of the elements can be saved
individually for use in the commands. Likewise you can print projects and its elements.

1.9.1 Mini tab project and work sheets:

Mini tab has two main types of files, projects and work sheets. Worksheets are files that are
made up of data: think of a spread sheet containing variables of data. Projects are made up of
commands graphs, and work sheets. Every time you save a minicab project you will be saving
graphs, worksheets and commands. However each one of the elements can be saved individually

for use in the commands. Likewise you can print projects and its elements.

The menu bar you can open menus and choose commands. Here you can find the built in

routines.

The tool bar: short cut to Minitab commands.

1.9.2 Two windows in mini tab:

*  Session window :
ysis and can also be used

The area that displays the tatistical results of your data anal

to enter commands.



window: a grid
w(,rksheet grid of rows and columns used 1o enter and manipulate the datz

NOTE:

The area looks like a spread sheet byt will

not automatically update the columns
ntries are changed. )

when €

Other windows include,

+  Graph window: when you generate graphs, each graph is opened in its own
window.

o Report window: version 17 has the report manger that helps you to recognize
your results in a report. }

e Other windows: history and project manager are two windows. see Minitab help for
more information on these if needed.

* Mndab - S tRul0

- gdtar Datos Cakc Estadisticas  Grafica Editor Hemamientas Ventana Ayuda Asstente
Archne

.00 U8 Li ol u R abeRng <l

~g# :

\4
0|
(i rl
<]
[

Tonmde | Sesion Hoja de trabajo

= Hop detiabyo
= 4l Hoja detrabao 1 |
Columnaz |
Constantes

Matnces

|

e

" a N -

(g

|
|

R REELEREE

5 Gt b pbgne
L Sctusk Hojs de by 1

Fig 1.36 : environment in mini tab
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pefore starting the project. we had a brief stud
ol - caal . -

R drilling and materials cplax
ﬁmmekrs on & S to be selected for the studs

gifferent deas related to their works on drilling. Their views are I ted be!
~ S e jist below

v o
Yy On varous papers related t the e

o optimize the

B.P-PATEL et a.l.[ll studied experimentally the cutting parameters required t
seometric dimen.smns anc.i toler.ance (GD&T) requiremen}s such as pérb;ndag:; iy, This pever
;epoﬁs an expenmental‘mve-stlgation of a full factorial desien performed on E{R mg :\ 31
materials using HSS d,n“ with point angle 118° and helix ;ngle 30° by ‘.arx‘.nn’r the dnlling
parameters such as Spl.“dle speeds, feed and coolant ratio to :ietermine- the -opti:m‘um :L;t‘.m:
conditions. The work piece geometric dimensions and tolerance (GD&T) requirements analysed
by perpendiculal'ity- Analysis of variance (ANOVA) was carried out for perpendicularity on NS
und EN31 materials and their contribution rates was determined. Design of experimen-IS (DOE)
methodology by full factorial design was used in the multiple objec;i\'e optimizations (using

mini tab 16, software) to find the optimum cutting conditions for least perpendicularity defect.

U is]

BABUR OZCELIK et al,[2] showed effects of vegetable based cutting fluids on the wear in
drilling. They worked on semi-synthetic commercial cutting fluid, sun-flower and cancla oils.
Their experimental results shows that canola based cutting fluid gives the better performance due
to its higher lubricant properties with respect to other cutting fluids at constant cutting
conditions.

E.KURAM et al,[3] they investigate the effect of cutting fluid types and cutting parameters on
surface roughness and thrust force and concluded that an increase in spindle speed, decreased the
thrust force value and surface roughness value and increase in feed rate, increased the force value

on surface roughness value.

Asst.Prof. JPATEL et al,[4] investigated on effect of cutting parameters on drilling operations
for perpendicularity and based on research paper they concluded that by using proper
optimization method like Taguchi method, design of experiments (DOE) and efficient software
like ( Mini tabl6, Analysis of Variance (ANOVA) ), we can obtain optimum response
parameters such as surface roughness, perpendicularity, cylindricity and circularity.

S. SATHIYARAJ et al,[5] they investigated on optimization of machining parameters for EN8
steel through Taguchi method and conclude that cutting speed has most don.unant eftect on the‘
Observed surface roughness, followed by feed and depth of cut whose influences on surface

roughness are smaller.

28



ortionally with th : Ip breaki . ,
prop y ¢ cutting speed. Ngs causing an increase in chip adhesions

Mr. T I?HARADV.VAJ et al,[7] they showed optimizat:

steel u5|r_1g Taguchi technique and gave cong| ptlmlzatlon of
i1 feed, increase in depth of hole while with usion hat surfac
as the spindle speed increases from 360 Rp Msplndle speed, s
increase in spindle speed from 490 RPM to 6t8(:)490 RPM a
(speed, feed and depth of hole) seem to be j RPM and
surface roughness. ¢ influential dri

process parameters in drilling EN8
¢ toughness increases with increase
urface roughness initially decreases
nd surface roughness increases with
al.l the three independent parameters
lling parameters and that affect the

P. YENKATABAMAIAH et al,[8] focussed on developm

predict the multi-responses and to study the influence of dri;l)linent of neural network model to
rates, type of drfll tools, cutting fluids on output paramete%s?::rzzters-t?mng speeds, feed
rough'nes§, mate.rlal removal rate and power for determining thei t’i mCu m.g force, surface
combinations using Taguchi method. It was found that, surface ﬁniSh arl::jn t‘nput parameters
effected by types of drill tools. Cutting force is mostly effected by cutting envi:;:“e atre mOSlily
removal rate is mostly affected by feed rate, with increase in feed rate there is decTeear;é :aﬁg

and power is mostly effected by cutting speed.

S. JAYABAL et al,[9] showed the influence of cutting parameters on thrust force and torque in
drilling of E-glass/polyster composites and conclusion that thrust force depends on drill point
angle, speed and feed rate and increases with increase of point angle and feed rate.

ation of drilling parameters for minimum surface
ed that the drilling parameters are optimised with
good quality of holes in drilling of cast

SUMESH A S et al,[10] studied on optimiz
roughness using Taguchi method and conclud

respect to multiple performances in order to achieve a
iron. Optimization of the parameters Was carried out using Taguchi method.

riment to optimise the cutting
aterial is AL7075 and drill tool
tion of the cutting

RAMAZAN CAKIROG. Et al[11] had performed the expe
parameters on drill bit temperature in drilling. The work piece m

is the uncoated and coated carbide drills in the experiment. The optimisa | ;
parameters was carried out by Taguchi method with L18 orthogonal array. The cutting speed,

y i Y hibit d
feed rate and cutting tool are selected as control factors: Ta'f,ucl?l design Te;tehzie::u rl:xln ; tgso?n
performance in the optimization of cutting parameters on drill bit te(;::)iizaduby o regress,ion
addition, the empirical equations of drill bit Ztgmperatufes were



ontribution of 56.15%. Tagguchi design

method, Regression analysis was able o pro the minimum cost and time in th
cost and time in tne

. . . . vide
manufacturing engineering applications.
J. K SAKHIYA et al,[12] inVeStigated that drilling operation may affected by

parameters like cjuttmg speed, feed rate, too geometry, tool angle licati fd
ubrication , coating on tool and this a] parameter ’ o ey

roughness of d.rilled hole, productivity and accurac

several
ifferent
s affect the tool wear or tool life, surface
Y of hole and there is a scope to work on

parametric study on it. Pressure of pneumatic driye

can be taken as control param find out
offect of on MRR, tool wear rate, production time et i .

C.

T_.K.ARTIHI.(EYAdSHARMA[I.?’.] conducted a study of drilling parameters of A12014 in radial
drilling machlr'le under dry. conditions and optimizes the drilling parameters based on Taguchi
method of design of experiments. They identified that a spindle speed of 200 rpm, point angle

and helix angle of 90%/15° and a feed rate of 0.36 mm/rev is the optimal combination of drilling
parameters that produced a high value of S/N ratios of hole diameter. i

ERROR KILICKAP[14] they influence of machining parameters-cutting speed, feed rate, and
cutting environment on surface roughness obtained in drilling of AISI 1045 was studied and he
was concluded that minimum surface roughness is obtained at lower cutting speeds, while it
deteriorates as a feed rate is increased. Surface roughness was much better for the MQL
conditions than for the compressed air and dry drilling, also it increase under dry drilling.

J. PATEL et al,[15] have studied the effect of drilling parameters such as spindle speed, feed
rate, coolant ratio for obtaining the optimum perpendiculairty for materials EN8, EN24and EN31
as work piece materials using cobalt alloy steel drill with point angle 135° and helix angle 30°.
This study shows that how significant drilling parameter are for obtaining optimum
perpendicularity. Analysis of variance (ANOVA) was carried out for perpendicularity and their
contribution rates determined optimum cutting conditions for least perpendicularity defect
obtained by using design of experiments (DOE) methodology for achieving optimization using
Mini tab 16 software.

Mr. NALAWDE P.S. et al,[16] effort had been taken to optimise surfa?e finish and hole‘
accuracy in drilling operation. They performed experiment on EN31 m‘atefla.l. Speed, type of
tool, feed and depth of cut was selected as a input parameter: The eftect of drllllflg pa.rame_ters on
surface finish and hole accuracy were investigated in drilling of EN31' material w1th.d|fferem
HSS twist drill. In this work drilling operation performed using 10 mm filameter HSS TiN coated
drills, HSS TIAIN coted drills, HSS twist uncoated drills. Smaller is better was seleclted -2:5
Optimization of setting of parameter for achieving higher s.urface ﬁmsh.t Exizr(;m;::] :;Ele rsl
shown the result based on L9 orthogonal array- Several input parameters
30



ing upon orthogonal arrays, This . .
ePe“d'f‘g of Taguchi method op iy INVestigates the effects of ;
applicatloﬂ finich one Surface finish and ol S “‘ Input parameters by the
qaterial For surface finish optimym, value of ¢yt © accuracy in dry drilling of EN3|

e of tool was HSS uncoated twisteq drill. F

g speed wag 30m/min. feed(0.2mm/
a'na[vsis was cutting speed (30m/min), feed(.

ole ac min) and
curacy optimum v i ‘
2mm/m alue is obtained from

dl’i“ In and type of too) was (HSS+ TiN) coated

Orah

tool
ere compared with commercial cutting

rface roughness Was achieved at spindle speed of

720rpm using CVCFE. SCF-1 was the most effective in reducing surface roughness as spindle
speed increased. SCF-II had smilest surface roughness .

. at feed rates lower than 0.12mm/rev.the
feast surface roughness was achieved at feed rate of 0.

08mm/rev using SCF-11. An increase in
the spindle speed decrease the thrust force value, i i

surface roughness value. An increase in feed rate in

From the above literature survey, the authors have identified some of the gaps in the areas pf
drilling. Hence the authors have embarked to study the influence of various cutting parameters.
In this work, the effect of cutting parameters in drilling of alloy materials( Brass, Bronze) by

using surface response methodology in wet conditions is carried out by the following
experimental procedure.



CHAPTER 3
DESIGN oy F'XPH"MFNN
pesigh Ofcxpcrimonls(l)()l«?)()verview:
e
ndustry- designed experiments cap be | .
Itvarial"t’s that influence prodyct qQuality. Afrer (o 1Y INVestigate the process or

. Afi \nt:

mdu‘t components that influence product g |':u|?(k'm'f”“2 the process conditions and
juc X - o ins ahty,direct ;

Miuct's mantaclurablllly,rt‘llab'I't)’»qua“ly,a Tprovement efforts enhance a

v

. it is very important to get the most

’ xperiment performed Well
d often require fewer runs
nt identifies the effects that

oS Y 1
‘::néhaph azard or unplanned experiments, A
th

e i ortant. If there is an interaction between two input variab|es

. . “one factor at a time”
experiment. An interaction occurs when the effect of one input variable is influenced by the

fevel of other input variables. .

Designed experiments are often carried out j

o C n four phases:planning,screening(also
called process charactenzaﬂon),optlmlzatlon, and verifi

cation.

3.1.1 Planning:

Careful planning help inavoiding the problems that can occur during
experimental plan. For example,personnel,equipment availability,funding
aspects of system may affect the ability to complete the experim
before beginning experimentation depends on the problem. Hen
through:

the execution of the
, and the mechanical
ent. The preparation required
Cce are some steps need 10 go

* Define the problem.developing a good problem statement helps in studying the right
variables

* Define the objective.a well defined objective will ensure that the experiment answers the
right questions and yields practical, usable informatiopn.At this step,define the goals of
the experiment.

Develop an experimental plan that will provide meaningful information. Revie_w relevant
background information, such as theoretical principles, and knowledge gain through
observation or previous experimentation. Make sure the process and measurement
Systems are in control. Ideally, both the process and.the meaéuréments shou]d be
instatistica] control as measure by a functioning statistical functioning lcont(;ol ISIPC)
System. Minitab provides numerous tools to evaluate process control and analyze

measurement system.
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REENING: In man
2 SC Y process  development and manufacturi licati
uring applications,

L,tentia")’ _
the key variables th

L Ling at effect produc .
,dentlf)" product quality. Th; :

t efforts on the really i y. This reduction , '
improvemen . ally important variabes " ctio allows focusing process
ettings for these factors. S. Screening suggest the best optimal

The following methods are often used for screening:

, Two level full and fractional factorial designs are used extensively in ind
y In industry

-Burman desi ,
. Plackc.att ' esigns have low resolution, but they are useful in :
experimentation and robustness testing, some screening

. General full factorial designs (desi .
: gns with mo
mall screening experiments. re than two levels) may also be useful for

313 thimlzatlon: afte.r identifying the vital variables by screening, there is need to
determine the best or op’flmal values for these experimental factors. optimal factor values
depend on the process objective.

The optimization methods available in mini tab include general full factorial designs(designs
with more than two levels)response surface designs, mixture designs and Taguchi designs.

« Factorial designs overview describes methods for designing and analyzing general full
factorial designs.

« Response surface designs overview describes methods for designing and analyzing
central composite and Box-Behnken designs.

« Mixture designs overview describes methods for designing and analyzing simplex,
centroid, simplex lattice and extreme vertices designs. Mixture designs are a special
class of response surface designs where the proportions of the componernts

(factors),rather than their magnitude,are important .

* Response optimization describes methods for optimizing multiple responses.minitab
provides numerical optimization,an interactive graph,and an overlaid contour plot to
help to determine the *’best’” settings to simultaneously optimize multiple responses.

* Taguchi designs overview methods for analyzing taguchi design.& taguchi designs
may also be called orthogonal array designs ,robust designs, or inner —OL:.CT arrz?y
esigns. These designs are used for creating pro bust to conditions In
their expected operated environment.

ducts that are 10
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Verification:
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yerification involves performing a foll
ow

: nditions to ¢ : P experi
prOCCSSlng co onfirm the optimization rZsultp eriment at the predicted **hest™
sults.,

32 Advantages & Disadvantages of DOF,

relationship between parameters and
petween variables which in turn allows ys to
the best responses.DOE also can provid
to find the best possible output char

focus on
C T
es us with ontrolling Important parameters to obtain
ith the most optimal se

t tting of ;
acteristic . g of parametric values
generated can be used as a prediction mode ihi;sndes from that, the mathematical model
pased on the input values. Another can predict the possible output response

main reason DOE j i
rerms of experimentation. DOE fun 15 used because it saves time and cost in

ction in such
. . manner that the :
qumber of runs 18 determined before the actya] experimentation is ; umber of experiments or the
one.

'« way, time and cost
This way, . c‘;an l?e saved as we do not have to repeat unnecessary experiment runs
Most usually, .penmen s will have error occurring. Some of them might be predictable whilé
so.me 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

However, when it comes to non linear behavior, DOE does not always give the best results
33 Factorial Designs
3.3(a) Factorial Designs Overview

Factorial designs allow for the simultaneous study of the effects that several factors
may have on a process. When performing an experiment, varying the levels of the factors
simultaneously rather than one at a time is efficient in terms of time and cost, and also allows
for the study of interactions between the factors. Interactions are the driving force in many
processes. Without the use of factorial experiments, important interactions may remain
undetected.

3.3(b) Screening designs

nd manufacturing applications, the number of potential
(process characterization) is used to reduce the

, . B et
number of input variables by identifying the key input var'lables or procei; c::c(i)ll:ut):: ;:jvt :e;lcy
Product quality. This reduction allows focusing process improvement etfo

. “hect” ‘mal settings for these
Important variables. Screening may also suggest the “best” Of mos:;n::e - iettings. In industy,
factors. Optimization experiments can then be done 0 deter

- an designs are often used to
™Wo-level full and fractional factorial design® and Placke Bcue":s‘ output measures or product
‘Sereen” for the really important factors that influence Pro

¢ than two-levels) may be used with
uality. General full factorial designs (@

- In many process development a
Input variables (factors) is large. Screening

esigns with mor
34



nall sereening experiments.
smatt: '

'3l Full factorial designs:

. a full factorial experime "

I “  Bote Tl 'nl nent, responses  are measured at all
wimenta ctor 1evels. 1he ¢ il ‘ ’ v ) at all co 5 of
expertmeti ¢ combinations of factor levels ombinations of the

2l represent the conditions at which

al condition is 2
ndition is called a “run” and the response

(espoNses will be measured. Each experiment
nent an observation. The entire
measure! entire set off rung i
s 18 the “design”
gn

33.1(a) TWO level full factorial designs:

In a two-level full factorial desi
sign, each experiment

. ] S al factor has only two levels. The
expenmental rml: mcludelall combinations of these factor levels Although t\f/o lJ I f t ial

‘ unable o i . ' . -level factoria
fieSIgns z?re o eelaial p ;)re fully a wide region in the factor space, there provide a useful
mformat@ y eVY runs for factor. Because two-level factorial can indicate major
irends which are used to provide directions for further experimentation o

3.3.1(b) General full factorial designs:

In a general full factorial design, the experimental factors can have any number of
jevels. For example, factor A may have two levels, factor B may have three levels. factor C
may have five levels. The experimental runs include all combination of these fact’or levels.
General full factorial designs may be used with small screening experiments or optimization

experiments.

3.3.2 Fractional factorial designs :

In a full factorial experiment, responses are measured at all combinations of the factor levels,
which may result in a prohibitive number of runs. For example, a two-level full factorial design
with 6 factors requires 64 runs; a design with 9 factors requires 512 runs.

Two minimize time and cost, can use designs that exclude some of the factor level
combinations. Factorial designs in which one or more level combinations are excluded are
called fractional factorial designs. Minitab generates two-level fractional designs for up to 13

factors.

eful in factor screening because they reduce down the

Fractional factorial designs are us ‘
that are performed are a selected subset of

number of runs to a manageable size. The runs
fraction of the full factorial design-

3.3.3 Plackett-Burman designs:
, two-level fractional factorial

s are a class of resolution 1 il |
n, main effects

In a resolution ii 1 desig
ates designs for up to 47 factors. Each

Plackett-Burman design
designs that are often used to st
are aliased with two-way interactions.

udy the main effects.

Minitab gener
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g i based on the number of runs, from 12 to 48 . . .
disflfc:ors must be less than the number of runs , and is always multiple of 4. The number
0 .

34 Choosing a factorial design:

The design, Of layout, proYides the specifications for each experimental run. It includes
the plocking scheme, randon?nzation’ replication, and factor livel c i bi .tions This
inf(,rmation defines the experimental conditions for each test run Whi(l):I l::lformi;1 the
experiment, need t.O. measure the response (observation) at the prede.termined psettin S ff the
e,q;erimental f:ondltlons. .Ez.lch experimental condition that is employed to obtain agresponse
measurement 1Is a !'U"-_Mmltab provides two-level full and factorial designs, Plackett-Burman
jesigns, and full factorials for designs with more than two levels. While choo;ing a design there

is need to

[dentify the number of factors that are of interest.

. Determine the number of runs you can perform factorial designs

. Determine the impact that other considerations (such as cost, time, or the availability of
facilities) have on the choice of a design.

3.5 Design of experiments:

Creating full factorial designs

Use minitab’s general full factorial design option when any factor has more than two levels.
Using this can create designs with up to 15 factors. Each factor must have at least two levels,

but not more than 100 levels.

To create a general full factorial design

1 Choose Stat>DOE>Factorial>Create Factorial
Design. 2 Choose General full factorial designs.

3 From Number of factors, choose a number from 2 to 15.

4 Click Designs.

5 Click in Number of levels in the row for factor A and enter a number from 2 to 100. Use the

arrow key to move down

The column and specify the number of levels for each factor

5Click OK_ This selects the design and brings back to the main dialog box.
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k options or factors and use any

7 (Clic of the dialog

\ hox options
(he design: pions, then click OK to create

]«‘nt‘"“'i"l Pesign  Available Designg:

\‘1m>I)()li>l"nclorinl>(‘rcmo Factorial

Desion=>chanan
d(‘cign)l)isplny Avnilnl)le I)(‘siﬂnﬂ gn (,h()(!\(,

General full  factorial
This dialog box does not take any input
Factorial Design  Designs

S ) rial>Cr ; .

Mal>D0F>Facto ial>Create Factorial Design>choose General full factorial design>Design

Allows naming factors, specifying the number of level :
! v s for e t mboa. ¢
bjocking the design. ach factor, adding replicates, and

Dialog box items

Factor: Shows the number of factors that are chosen for the design. Thos column does not take
any input.

Name: Enter text to change the name of the factors. By default, Minitab names the factors
alphabetically.

Number of Levels: Enter a number from 2 to 100 for each factor. Use the arrow keys to move
up or down the column.

Number of replicates: Enter a number up to 50.

Block on replicates: Check to block the design on replicates. Each set of replicate points will be

Will be placed in separate block.

Factorial Design Factors:

Stat>DOE>Factorial>Create Factorial Design >choose general full
factorial design>Designs>Factors

Allows naming or renaming the factors and assigning values for factor levels. If factors are
continuous, use numeric levels; if factors are categorical, use text levels. Continuous variables
can take on any value on the measurement scale being used (for example, length of reaction
time). In contrast, categorical variables can only assume 2 limited number of possible values

(for example, type of catalyst).

Use the arrow keys to navigate within the table, moving across rows or down columns.
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Jows the number of {

for: st actors is ¢l
osen for
de

Fac

| Sign thi
enter text 10 change the this ¢
mc,l,ntut ge the name of fa Column does nof 1a
actors Ot take any input

.p(.. “Il"%st‘ to SP@CH‘)’ whether the lev I m
| €IS
of the rﬂCt()N are
> AfC numerjc
f T1C Or text

ols: Shows the number of levels f;
. Is for each factor Thi
his coly
mn does
S not take an
>any input

. . Enter numeri
ues for
for each factor. each level of the ey
). can have | .
v Ip o ]{V) ‘C"/‘fl’\‘,

7o Name Factor:

(. In the Creat® Factorial Design dialo .
g box, click F
’ actors,

s {nder Name, click in the first ro

' W

comove down the column and ent:::lhtype the name of the first factor Th

\ e remaining fa . I'hen, use the arrc
ctor names. ™

To Assign Factor Levels :
1, Inthe Create Factorial Design dialog box, click Fact
, ctors.

2, Under Level Values click i
.es click in the the factor row to assign values and
values. Enter numeric levels from lowest to highest nd enter any numeric ortext

3. Use the arrow key to move down th
e colum :
Click OK. n and assign levels for the remaining factors.

Create Desgin Options:

St : .
abDOE>Factorial>Create  Factorial ~ Design>choose General full factorial

desion>Onti . .

ign>Options Allow to randomize the design, and store the desgin (and desgin object) in
the worksheet. Dialog Box Items

the data matrix. If blocks are specified,

Randomi
omize Runs: Check to randomize the run in
k and then the blocks are randomized.

randomization i .
mization is done separately within each bloc

a base for the random d
| the randomization S

Bag :
bas:fFo" Random Data Generator: Enter ata generator. By entering a
or at e ain the ¢

the random data generator, can contro o that can obtain the same

Pattern every time.

36 Decos
esgin Of Experiments In Coded Form
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coded form in design of experiments _ o
Thfs to the MINITAB software. The codcdwzg d(’.m by giving the values of input
[e .. )l'm 3 | ) " " .
paraltﬂ:nd"_l.- for minimum output, the are shown in Table ; lglvcn e for the maximorm
inp '
Table 3.1; Desgin Of Experiments In Coded Form

[ speed | feed | drillbitdia |
-1 1 1
1 -1 o
1 1 -1
-1 0 1
1 0 1
0 0 1
0 -1 0
0 0 0
0 1 1
1 -1 -1
1 0 0
1 -1 1
1 1 1
1 -1 0
-1 -1 -1
0 -1 -1
0 -1 1
- 1 0
0 0
-1 0
-1 -1 1 —
0 0 1
0 1 -

1 0 __,_:l,’——ﬂ
1 1 ] ___,i__———
1 1 L

-1 0 __,,,i,—’f*




esgil of Experiments In Uncoded Upiy

Table 3.2 DOE In Minitah

—T FEED [)IAMETI-LRMMF
il | - thrust | S —
g W/O/B’”"’S/—L% 15 . —fem) kg
/’80 0.13 10 25.2 wa | e 21 U o |
:g{) | ob3 b 27.2 31.92 2 - 3 om
M",,(g 292 29.46 19 \Ilz — 1.042
M—’/ 1 25 5156 | 3 e L] 0.708
M/ 12 282 | 5156 | 36 ” : 851
| 8 |3
M’— 29.8 54.02 21 v 319 LR
ML— 10 27.6 69.45 1 e L
033 12 30.1 57 : 0.833
0 88
ST |8 283 | 2837 E »__| 3l L
BT 10 ' ' 15 5 | 138 0.682
T OB 268 | 4129 | 23 no3 0313
w | 013 12 28.4 64.92 : =
// \ J
w | 021 | 8 314 45.83 \
B0
/2&" 0.21 10 28.2 68.78 1
w0 | 021 12 33.8 | 10205 \
w0 | 92
w | 033 8 29.6 60.03 1
280 0.33 10 29.6 72.03 |
% | 033 12 33 92.09 \
50| 013 8 29.8 41.8 \
50 | 013 10 30 72.2 |
B0 013 12 37 64.6 \
[
Y 8 298 | 6139 \
s 021 10 312 | 9823
450|021 12 38 92.09
A0 033 8 349 67.52
450 | 033 10 33.4 115.7
50| 033 12 44 106.11
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CHAPIER 4

EXPERIMEN Y |
NIALSETUP AND MACHINING

“e ¥ ‘;Ik n ("k 1eCr 1 1 /

aerime

11“‘ e\Pe . R
bronze) and using cutting fluids as BPCI. O1f as sh fi

' .as shown in fig 4 |

msteri*"‘“(bmss.
. oroject was done in 3 stages.
Design of experiments was done using full factorial method
Observation and calculation of cutting for
' . ces ,temperature ,material r
' : . emoval ré
machining the work pieces on Radial drilling machine in wet condition e

Analysis of results was done using MINITAB 18

Fig4.1: experimental set up of drilling

4.1 Selection of Process Variables
d for the experimental

* A total of three process variables and 3 levels are selecte

procedure.
* The deciding process variables are
* Speed
* Feed
« Diameter of drill bit



A the spimllc d.ethe speed at which the .
gpt“‘d( pindle rotates the 1,01
eed i« the rate at which the material i 1 .

wed from the ¢
”imnclcr( WOXY pres s

‘1 (’”” hl' i\ 'h(l ‘“‘""(“(" l)f .
! [ h’p‘l'
";‘hl /’ (e ' P
f Ao the

of levels:
ection ©
ele€

gince it is a three level design by observing the

(f parameters taken in various orowects the
lch'S 0 J

actors are designed as follows ag showr i, ¢ ble 4
1 tanle |

FACTORS LEVEL TEvE .
~GpEEDRPM) | 180 ,m:/;,l,/. TATTE
@B.li)- 013 f (;21 441
DIAMETER O 8 ¥ “,

DRILL
il

BITMM,

4.2, Design of Experiments

Table 4.1: Selection ofproccss variables

Design of Experiments was done using full factorial method.

Design of Experiments (DOE) or experimental design is the design of any information
gathering €Xercises where variation is present, whether under the full control of
experimenter or not.

43 Machining of the Work piece

The machining of the work piece onRADIAL DRILLING MACHINE is done 9y

using the following procedure
+ Selection of material
« Clamping of the Work piece
* Clamping of the work piece
* Drilling of the work piece
431 Selection of material:

By studying various projects material selected for machining operation because of its high

tensile « . "
"sile strength, The composition of
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pross’
COPPC"‘S 5% 10 95%

zinc-5% 10 40%

B ron z€:
copper- 88%

tin- 12%
43.2 Clamping of the work piece:

The work piece is clamped to the machine b
Y using plain vi
Mechanism involved i i -
in work piece clamping / decl
amping to the vi
ce

The work piece is cla
. mped to th ..
ever at s "l 10 tighten or Iet o e plain vice by the means of
ose the work piece between thoe E; Hineadedseien SIOEh 28
clamps of the vice a i
s shown In

fig 4.3.

7

-
-

Fig 4.2: clamping of work piece
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‘.I,mping of cutting tool:

cutting tool is done
£

lfhf’."

tlﬂml““g ofa b
f
et qamely 12 mm.10 mm.8 mm. ]y he tool holding devices
1! P  to the spindle tool or b he cutting tool is fit s. Here the cutting tool
y rttmg it in drill 5| itted to the drilling machine
eeve and sock
etin figd 3

{lﬂ\tl\
RY prilling of the work piece:
The o work piece after fixing in the plain vi
n vice is subj
. 100l 1 also fitted in the sleeve a jected to drilli s
nd the machine is turned on dr|d||,:g or machining operation
and the process variables
are set

The
i feed and diameter of the
tool.
Then the holes are drilled on the k
wor p‘ece l]c.lng

like 3
¢ inputs using the process v
ariables.
This process of drilling is done in wet cond
wet condition (us€

d]{’f erent 1
f cutting fluids BCPL OIL) as shown in fig4.4.

.
i Y =E

&,

i

Fig 4.3 : drilling of work piece

44M
easurement of cutting forces

rces can be known namely torque

of the dynamometer as shown in fig
hine and simultaneously the values

hine the cutting fo
d by the means 0
he drilling mac

Durin egqe
e g"[t':e drilling operation of the mac
5. The 4 e cutting force can be calculate
ynamometer can be connected to t

are not
ed while the holes are being drilled.
A



Fig 4.4 electrical dynamometer

4.5 Temperature Indicator

The temperature reading at the point of removal of the process of drilling can be known by
means of 2 tem;.)erature indicator. The temperature indicator used in this process is laser Zun
which is shown in figd.6. The laser is concentrated at the tip of the tool and work piece and the

femperature can be known.

Fig 4.5 : laser gun temperature indicator

4.6 Material Removal Rate
The material removal rate of the work piece is calculated by the formula given by

MRR=(Change in weight)/ (density * time) mm3/sec
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CHALLERS

ANALYSIS OF VARIANCF

\ N I‘ ! o A \| \ “ y
st OF VARIANCE (ANOVA) USING MINITAB
OV A was developed by the English statistici
. . sh statistician, R.A. Fisher (1890-1962). T
wling agre \ ' y RACTEE _1962). Though
saling with l\.&lll)\ uluinul data, this methodology has been applied to a vast arr . ther
. analysis. Despite its widesnre ‘ v a vast array of othe
el «vall ii;\ of \‘C\':‘Nl key l%if ‘\plu‘\d use, some practitioners fail to recognize the need
o chech th¢ W .|‘ al key assumptions before applying an ANOVA to their data. [t 15
af this article may ide certai ) ‘ .
hat this article may prov ide certain useful guidelines for performing basic analysis

.-3]“.’\“) d
N data

LN (
acha software package.

Analysis of variance (ANOVA) is a ¢ : o
aoes between group means and tl\cir:szzlclicact::lg LZEW uécq to"analy s
y groups), in which the observed variance in a Pﬂrtic:ll(asrucvﬂ;i b]vjr;:“oq':t itaiomr::;g l::g
omponents attributable to different sources of variation. In its simplest ttorm AT\FJ)E)VA provides
; suaristical test of whether or not the means of several groups are all eélual and theret’or;
gt.ncmlizes [-fest to more than two groups. Doing multiple two-sample t-tests wo‘uld result in an
increased chance of committing a type L error. For this reason, ANOVAs are useful in comparing
(testing) three. OF more means (groups or variables) for statistical significance.

ANOVA is a particular form of statistical hypothesis testing heavily used in the analysis
of cxpcrimenlul data. A statistical hypothesis test is a method of making decisions using data. A
qest result (calculated from the null hypothesis and the sample) is called statistically significant if
it is deemed unlikely to have occurred by chance, assuming the truth of the null hypothesis. A
qatistically significant result (when a probability (p-value) is less than a threshold (significance
level)) justifies the rejection of the null hypothesis.
of ANOVA is largely from the statistical design of experiments. The

an attempt to determine an effect. Factors

asing

Jifere

S\ Rl

The terminology

Factors and measures responses in

experimenter adjusts f
on of randomization and blocking to ensure the

are assigned to experimental units by a combinati

validity of the results. Blinding keeps the weighing impartial. Res
random error. ANOVA is the synthesis of

result of the effect and is partially
nultiple purposes. Asac

ponses show a variability that

is partially the

several ideas and it is used for ! onsequence, it 1s difficult to define

concisely or precisely.

) -
52 Characteristics of ANOVA
rative experiments, those in which only the
experiment is determined

alterations to the

a
| significance of the
several possible
alter significance.

~ ANOVA s used in the analysis of comp

difference in outcomes is of interest. The statistica

by a ratio of two variances. This ratio 18 independent of

eXperimental observations: Adding constant to all observations does not
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all observations by a constant o ol
b U A

stant hig “':h’ significance. S ANOYA statistical
| ‘ ‘ S and g
essing abservations In the e of mechanics

¢ ¢

i1  from all observations (when ¢

I J

o0 This i an example of data coding,

| ANOVA for balanced data does three

pesults are independent of cop
l'l”lﬂ errars as well as the untts :;',r!]

alculs
alculation was comman ta subtract 4

quivalent [
10 dropping leading digita) 1o simplify data

ety
o Jnssicn things at once:
| AS exploratory - datoanalysis, an ANOVA i, an - organizati '
dccmmmsilinn. and its sums of squares indicate the v'ui::::“r[:mmh .o fl"“}:“
d € 0Ol cac u,mpc,ncnl gl the

decnmmsilion (or, cquivnlcnlly. cach set of '
setof terms of a line:
! near model),

5 (omparisons of mean squares, along with |
' V F-tests ... allow testing of '
L esting of a nested sequence of
models.
Josely related to the i ‘
3, Closely the ANOVA is a lincar model fit with coefficient estimates and

gtandard crrors.

In short, ANOVA is a statistical tool used in several ways to develop and confirm an
explanation for the observed data,

Additionally:
It is computationally clegant and relatively robust against violations to its assumptions.
4 ANOVA provides industrial strength (multiple sample comparison) statistically.

5. |t has been adapted to the analysis of a variety of experimental designs.

5.3 Analysis of variance using Factorial method

The purpose of this handout is to assist the burgeoning statistician in analyzing and interpreting the
neaning of a statistically significant interaction in the context of factorial analysis of variance
(ANOVA). We shall assume that the reader is already familiar with the results obtained when
fictorial ANOVA is the chosen analytic technique. However, just to be on the safe side, we will
review the basics as we go through two examples demonstrating two of the methods that can be
wed a5 a follow-up to a statistically significant interaction effect. The two approaches
that we will discuss are:

L. tests of simple main effects

” 1 H H n . ~
- Statistical comparison of cell means

Steps involved in Factorial method

Step 1: Create design using General factorial method

Stat — DOE — Factorial — Create Factorial design
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.
Create Factonal Design “

Type of Design

(" 24evel factorial (default generators) (20 15 factors)

(" 2devel factorial (specify generators) (2 to 15 factors)

" 24evel sphit-plot (hard- -to-change factors) (2 to 7 factors)
- (" Plackett-Burman design

= (2 to 47 factors)
. (» General full factorial design (210 15 factors)
Number of factors: ‘ I Display Avaisble Designs. .. J'
Designs...

I O

- R
Fig 5.1: Factorial design model

Step 2: Define Response Surface Design by selecting Speed, Feed, and Depth of cut as Input
paramCtCI'S.

Stat — DOE — Factorial — Define Response Surface Design

Deﬁne Custom Re ponse Surface Design

ct $.5 CalumFmﬁ: o
c2'F
c3 DOC
1
Categorical Factor B
| |
| .
Select Lowfgh. . | ’__De”";;“ I

o« | o ||

| /I';ig;.;: Cﬂ;lstom Response Surface Design
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step Analyse the Custom Responge design

St - DOE — Response Surface — Analyse Response e
Sponse Design

Tems... | optons... | steowse.. |

i
‘ _ et | Graphs... | Resuts... | Sstorage... |
L __E"L_l x| oo |

Fig 5.3: Analyse Response Surface Design




CHAPTER.6

T
‘
.

m‘,dopment of Mathematical Models
ol

-ond -order polynomial is
A Gecond -OT employed for developi
: ping the math i t
d pool geometry. If the response is wel| modelled by a lin::‘ra;:fna;mndefl thwr
lion of the

dicing VIO PO €T ;
riables then the approximating function is the first order model h
as shown in

independ"'nt v

Equation'

Y=E|+E|1xl+D2x2+...._Dxxx+E

4 mathematical regression equation is developed for cycle time in every tool path and the graphs
are plotted.

y=p0+ Y jog BXot ZF BT Tig Bz €
i=

Y is the corresponding response
Xi are the cutting parameters

(1,2,....... k) are code levels of quantitative process variables

O oo .o O

The terms are the second order regression coefficients

Second term is attribute to linear effect

Third term corresponds to higher order effects

Fourth term includes the interactive effects of the process parameters.

And the last term indicates the experimental error. for the respons
All the estimated coefficients were used t0 construct the models for the response

oo o o 4

odels for the response parameter

parameter and these models were used to construct the m
(ANOVA)) technique F-

and these models were tested by applying Analysis Of Variance

d, with the standard values for 9% confidence level. If

ratio was calculated and compare i
ble values the model is consider==- adequate.

the calculated value is less than the F-ta
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6.2 pifferent Terms used in Respopge Surfac
: e

ethodgly,

2Y Regregs;
{ p-values: P- Values (P) are ygeq 0 detern; gression tahle
“ i

. ne whi
statisticall}’ significant. Ich of the effects in the model are

o is significant.
at the effect is not significant,

u .
petween the response and the factors. Quation representing the relationship
squared: R and adjusted R .
3. Rsq epresent the proportion of variation in th i
explained by the model. in the response that is

R (R-Sq) describ )
O R (R-Sq) 1oes the amount of variation in the obseryed i
explained by the model. responses that is

U Predicted R reflects how well the mode] will predict future data
0 Adjusted R is a modified R that has been adjusted for the number of terms in the

model. If we include unnecessary terms, R can be artificially high. Unlike R ,
adjusted R may get smaller when we add terms to the model.

4. Analysis of variance table: P-values (P) are used in analysis of variance table to determine

which of the effects in the model are statistically significant. The interaction effects in the model
are observed first because a significant interaction will influence the main effects.

5. Estimate d coefficients using uncoded units
0 Minitab displays the coefficients in uncoded units in addition to coded units if the two

units differ.

0 For each term in the model, there is a coefficient. These coefficients are useful to

construct an equation representing the relationship between the response and the factors.
6.3 GraphsObtained

Contour Plots

O Contour and surface plots are useful for establishing desirable response values and

operating conditions. nts that have the same

i ' i all poi
U A contour plot provides a two-dimensional view where all p

response are connected to

[ . esponses. .
* Produce contour ines of consa P | view that may provide a clearer picture of the
na

J A surface plot provides a three-dimensio
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resp()“ﬁ(’

surface

Co nm“r/Surface Plots — Contour - Setup

stal 7

8“ pOSS

two pa

OF > Factorial > Contour/Surface Plots -, ),
> her ‘ Vs
ponse surface contour plot for a single

ible pairs of factors.

Contour plots shows that as the lines are diverg;

' arg ng tos L arA
ameters have vital effect on machining pm(.ei; S
A main effect occurs when the mean response chan

: ges ac

ontour > Set
top

parr of factces
aCtors or weparate cnatonr DOrs F S
s spindle speed and feed. hese

"""" > -
10ss the levels of 2 factor mam

offect plots ar® used to compare the relative strength of the effzcts acroas
0B SERV ATION T ABLE FOR BRASS: Criects across facions
/Tab_le 6.1 : experimental values of brass work piece
SPEED. FEED _|DIAMETER|TEMP MRR  |thrust SRS R p—
W/(mm/rev) (mom) (o) (mm?/sec) |(kgm) -~ _. s
180 | 0.13 8 27.4 24.32 15 3 —
g | 013 10 252 304 2% y : =
g0 | 013 12 272 31.92 3 14 : -
—’1§0__ 0.21 8 29.2 29.46 19 16 - =
_’]8_0’ 0.21 10 25 51.56 33 13 - 2
—_1_@_ 0.21 12 28.2 51.56 36 ‘ 20 3.1
180 | 033 8 298 | 540 21 20 3 P
r_]_&_ 0.33 10 27.6 69.45 32 17 i B £%
180 | 033 12 30.1 57.88 16 29 3 -
2%0 | 013 8 28.3 2837 15 13 3 &
280 0.13 10 26.8 47.29 23 11 3 g3
280 0.13 12 28.4 64.92 24 10 3 133
280 0.21 8 314 45.83 17 17 1.3 )67
280 0.21 10 28.2 68.78 28 18 3 ).7S3
280 0.21 12 33.8 102.05 30 11 3 )33
280 0.33 8 29.6 60.03 ) )66
280 0.33 10 29.6 72.03
280 | 0.33 12 33 92.09
450 | 0.13 8 29.8 41.8
450 | 0.13 10
450 | 0.13 12
450 | 021 8
450 | 021 10
450 | 021 12
1 450 | 033 | 8
450 | 033 10
450 | 033 12




iy BR ASS WET CONDTION RESULTS

4.1 Response Surface Regression:
SPEED,FEED,DILL BIT DIA'\:-EtToErgue versus

Model Summary
S R-sq R-sq(adj)  PRESS R-sq(pred)

350515 60.29%  39.27% 543335 0.00%

Coded Coefficients
rerm Coef SE Coef 95% Cl T-Value P-Value
Constant 13.98 190 (9.98, 17.98) 737 0.000
SpEED -0.740 0.829 (-2.489, 1.008) -0.89 0.384
¢EED 2777 0.831 (1.025, 4.529) 334 0.004
DRILL BIT DIAMETER 1.726 0.833 (-0.033, 3.484) 2.07 0.054
GPEED*SPEED 106 155 (-221,4.34) 069 0502
FEEDHFEED 095 150 (-2.22,4.11) 063 0535
DRILL BIT DIAMETER*DRILL BIT DIAMETER  1.67 143 (-1.35,4.69) 116 0260
PEED*FEED 1938 0994 (-4035,0160) -195 0068
¢pEED*DRILL BIT DIAMETER 116 100 (-095327) 116  0.261
F.£D*DRILL BIT DIAMETER 104 101 (-1.083.16) 104 0315

gression Equation in Uncoded Units

Torque = 68.
+ 95 FEED*FEED + 0417 DRILL

+0.00431 SPEED*DRILL BIT DIAMETE

642 Response Surface Regression:

DIAMETER

Model Summary
S R-sq R-sq(ad))

470733 7650%  64.05%

1339.03

Coded Coefficients

Term

Constant
SPEED
FEED

3-0.0523 SPEED - 22.8 FEED - 10.03 DRILLBITD
BIT DIAMETER*DRILL BIT DIAMETER - 0.143

R + 5.21 FEED*DRILL BIT DIAMETER

thrust

PRESS R-sq(pred)

16.45%

Coef SE Coef 95% Cl T-Value
26.98 255 (21.61, 32.35) 10.60
-0.31 111 (-266.203) -0.28

495 112 (260, 7.31) 444

53

P-Value
0.000
0.781
0.000

IAMETER + 0.000058 SPEED*SPEED
5 SPEED*FEED

versus SPEED, FEED, DRILL BIT

VIF

1.03
1.02



uL BT DIAMETER 5.86

ngED*SPEED 2.76
FEEU*FEED -0.35
oAl BIT DIAMETER*DRILL BIT DIAMETER  -233
£ED*FEED -0.56
ep*DRILL BIT DIAMETER 1.96
EED*DR'LL BIT DIAMETER 0.49

gegression Equation in Uncoded Units

112
2.08
2.02
192
134
134
135

(3.50,8.23)
(-164, 7 15)
(-4.60, 3.90)
(-6.39, 1.72)
(-3.37,2.26)
(-4.79, 0.88)
(-2.35,3.34)

0.17
-1.21
-0.42
-1.46

0.37

nnno 102
0203 102
0865 101
0241 100
0683 102
0.164 107
0719 101

_ 783 -0.0157 SPEED + 54 FEED
st = f +16.31 DRILL BIT DIAM
) FEED - ETER + 0.00 "
35o g;g? AL 8;83 DRILL BIT DIAMETER*DRILL BIT DIAMETER 8151 SPEED"SPEED
-0. ILL BIT DIAMETER + 2.47 FEED*DRILL BIT DIAM-Eng‘: 11 SPEEDTFEED

esponse Surface Regression: DRILL BIT temperature versus SPEED

6.4.3
FEED, DRILL BIT DIAMETER
Model Summary

s R-sq R-sq(adj)  PRESS R-sq(pred)

125552 94.08%

90.94% 74.6788 83.50%

Coded Coefficients
Term Coef SE Coef 95% Cl T-Value P-Value
Constant 28928 0679 (27.496,30360) 4261 0000
SPEED 3.293 0297 (2.667,3.920) 11.09 0.000
FEED 1835 0298  (1.208,2463) 617  0.000
DRILL BIT DIAMETER 1856 0299 (1227, 2486) 622 0000
SPEED*SPEED 0266 0556 (-0.907,1:438) 048 0639
FEED*FEED 0225 0537 (-13%8, 0909 042 0681
DRILL BIT DIAMETER*DRILL BIT DIAMETER 3106 0513 (2024 4.187) 606  0.000
SPEED*FEED 0730 0356 (-0.021, 1.482) 205 0056
000
SPEED*DRILL BIT DIAMETER 9153 0358 (1.397, 2910) 601 000
31 0207
FEED*DRILL BIT DIAMETER 0473 0360 (-0.287, 1.232) 13
Regression Equation in Uncoded Units .
; DRILL BIT DIAME
DRILLBIT temperature = 120.1- 0.0770 SPEED - 120 FEEDF ; ;;ﬁgw
+ 0000015 SPEED"SPEER o0 AVIETER + 0.0541 SPEEDFEED
' AMETER‘DRILL BT 0 TDIAMETER
AMETER + 236 FEED*DRILL Bl

DRILL BIT DI
#0776 O L Ep*DRILL BIT D

+0.00798 SPEED*
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esponse Surface Regression.

! : ATF .
pbd PRILL BIT DIAMETER RIAI REMOV 4 verss SPEFD, FFFD

Summar .
\mdf's Rsq R-saled)  PRESS Ry

,80;7;3;”6% 8343% 452920 72 69%

10 .

ol ed Coefficients

Term coef st Coet _ 5% Cl T-Value P-valye
‘Coﬂ“ant 8353 556 (7180, 952 1503 0000
spEED 1782 243 (1269 22 95 733 ) 000
¢eED 1618 244 1y 04,213 664 0000
oRILL BIT DIAMETER 12 24 (911194 584 0000
5‘;,EED*SPEED -7.46 455 (-17.06,2.14) -164 0119
cgeD*FEED 920 440 (1849, 008)  -209 0052
oRiL BIT DIAMETERDRILL BITDIAMETER 974 420 (1859 1089 232 0033
PEEDPFEED 140 292 (-475 755 048 0638
opEeD*DRILL BIT DIAMETER 390 294 (-230,10.09) 133 0202
£eD*DRILL BIT DIAMETER 020 295 (-602 642 007 0946

Regression Equation in Uncoded Units
MATERIAL REMOVAL RATE = -344 + 0.222 SPEED + 542 FEED + 51.1 DRILL BIT DIAMETER
- 0.000409 SPEED*SPEED - 920 FEED*FEED

- 244 DRILL BIT DIAMETER*DRILL BIT DIAMETER + 0.104 SPEED*FEED
+ 0.0144 SPEED*DRILL BIT DIAMETER + 1.0 FEED*DRILL BIT DIAMETER

645 Response Surface Regression: ECCENTRCITY OF hole versus SPEED,
FEED, DRILL BIT DIAMETER

Model Summary

S R-sq R-sq(adj) PRESS R-sq(pred)
0323148  89.73% 84.29% 5.27791 69.46%
Coded Coefficients

Term Coof SECoef  95%CI  T-Value P-Value
Constant 2647 0175 (2278,3019) 1515 0000
SPEED 03645 00764 (05257,02033) 477 o.t)o?
FEED 00727 00766 (-02342, 0.0889) -0.9_? s;ss
DRILL BIT DIAMETER 08082 00768 (0.6461,0.9703) 1:1:9 0;076
SPEED*SPEED 0270 0143 (05720031 0.64 o
FEED*FEED o0g8 0138 (-0204,0380 .
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- DAMETERDRILL BIT DIAMETER

ORM 013 (-0.53¢
: ¢p*FEED - 01337 916 -0 32;; ZOI]! "
p*DRILL BIT D! 02373 g9y (0.04; o
oRILL BIT DIAMETER 00658 00957 i
I | | .-0.1297,02613) 071
egressi on Equation in Uncoded Units
hole = ~-5.10 +0.00
EccENTRC'TY oF - 0.000015 S(I)91E4EI§SSEI§EDEi)4i94 e DRILBT DiAVerEs

- 0.0653 DRILL BIT DIAMET
+0.000879 SPEED*DR|LL g

8.8 FEED*FEED
ER*DRILL BIT DIAM
IT DIAMETER + 03

Response Optimization: ECCENTRCITY OF hole, Drill bit
remperature, thrust, torque,material removal rate

0064
0163
0020

0.487

ETER - 0.00990 SPEED*FEED
29 FEED*DRILL BIT DIAMETER

Multiple Response Prediction

M Setting
SPEED 150
FEED 0.257273
DRILL BIT DIAMETER 8

56

parameters
Response Goal Lower Target Upper Weight Importance
FCCENTRCITY OF hole Minimum 05 31 1 1
MATERIAL REMOVAL RATE Maximum 2432 1157 1 1
DRILL BIT temperature Minimum 250 440 1 1
Thrust Minimum 150  46.0 1 1
Torque Minimum 100 290 1 1
Solution
MATERIAL
ECCENTRCITY REMOVAL  DRILLBIT
DRILL BIT OF hole RATE temperature  thrust torque
Solution SPEED FEED DIAMETER Fit Fit Fit Fit Fit
.0928
1 450 0.257273 8 0.637329 70.0345 32,1365 24.2158 13.092
Composite
Solution  Desirability
1 0.704925



sk

e — -
R?;‘L’%ue 0637 ¢ 95% ¢
;:CCENW“ ALRATE 7 199 (0.217, 1 ¢ . 95% p)
MATER'AL REMO 003 634 (g 66, 83 (0164, 1 43,
. erature 32.137 834 .
pRILE pIT temP L (30.503 33.770 1455, 95 59
2422 . *2200) 29098 e
fhrust . 290 (189, 30.34) 025,35 248,
.09 . (1255 3¢ 3
foraue 216 (853,175, ( "~ 2250)
Response Optimization |
oned experiments i .
Many designec XP nvolve determ‘“i“g optimal cong;
nditi :
e for the response. tions that will produce the "hest”

Dependi“g on the design type (factorial, Tesponse surface, or mixty
) ixture), the operatin
2

ontrol may include one —
¢hat can ¢ ¥ or more of the following design variables: ¢ ons
€S Tactors, components,

process variables, or amount variables.

In product development, there is need to determine the input variable setti -
product with desirable properties (responses). Since each property is ir:\;o:ag:tt?natd::u“-w.‘ l

e qualiy of the product, there is need to consider these properties simultaneously g:::j

sctings of the design variables for one response may be far from optimal or even’ ;)hvsican\

impossible for another response. Response optimization is a method that allows for com;)romi;e
among the various responses.

+ Response Optimizer — Provides with an optimal solution for the input variable combinations

and an optimization plot. The optimization plot is interactive; we can adjust input variable

settings on the plot to search for more desirable solutions.

+ Overlaid Contour Plot — Shows how each response considered relates to two continuous design

variables (factorial and response surface designs) or three continuous design variables (mixture

designs), while holding the other variables in the
se among the yarious responses.

model at specified levels. The contour plot

allows visualizing an area of compromi

Response Optimizer
zer

Stat> DOE > Response Surface > Respons¢ Optimi

n of input variable settings that jointly

inatio
fy the combind s
y on must satisfy the

. requirements
int optimizatl q

Use response optimization to help identi

L o
%Plimize a single response or a set of responses.
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Con"’“ ¢ and surface plots for brass.

contour plot of torque vs SPEED, FEED

A 001 75 0200 0225 02500275 0300 0128
FEED

01500y 503000335 4 “;,ﬁ.{q-mq 1
»

.1 contou” plot of torque vsspeed, feed "
g6

[ C I =
fi 6 2: Ontour | rill bit dia aed
plot of tol que vs d )

Contour Plot of torque vs DRILL BIT DIAMETER, SPEED

12 Contour Plgt
torque of t
2 rust vs DRILL BIT DIAMETER, SpEED
W0~ g5
Wis-20 R
1" =z° et
A >
E 25 E 1
£ E
£ Q190
E E
o
% 2
s &,
£ 0 250 300 350 400 450 8
SPEED 00 250 300 30 w00 430
SPEED
fi 6.3: contour plot of torque vs drill bit dia,, speed fig: 6.4 contour plot of thrust vs drill bit dia, speed
. ia, spee
" + Plot of thrust vs FEED, SPEED Contour Plot of thrust vs FEED, DRILL BIT DIAMETER
0325 - . AO—— . 0325 ; i
! ; b
oo = 5t 0300
mo-2%
0215 ﬁ ;: : :: o
- 40 0250
o oo o
ﬁ 0225 © E o

0175

0.150

9 10
' DRILL BIT DIAMETER

drill bitdiameter

fig 6.6 contour plot of thrust vs feed,

Fig 6.5
'86.5: contour plot of thrust vs feed, speed
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DR'“ Bl
LT
tﬂ“’ : fempermare C
z e,
! mo - 3 SPEED, DAILL AIT DIAMETER
L1
o -

, 10 n 12
DRILL BIT DIAMETER

9 10 " "
DRILL BIT DiAMETER

- contour plot of drill bit temperature vs feed, drill bit dja
b
Fig-

fig :6.8 contour plot of drill bt temp vs speed, drill bit dia

of DRILL BIT temperature vs SPEED, FEED
contour Plot Contour Plot of MATERIAL REMOVAL RATE vs SPEED, FEED

] oL Y 450
5 S —cn
F+ -
- mo - :: 400 § 'f"‘
L w - s
. >0 3 m s »n
- b -
g g
£ 5
0 250
20 : E o it Yin 200
gs0 075 0200 025 0250 0775 0300 0325 A b mse o i o
FEED FED
rig:6.9 contour plot of drill bit temperature vs speed, feed fig 6.10:contour plot of material removal rate vs speed, feed

Contour Plot of MATERIAL REMOVAL RATE vs DRILL BIT DIAMETER, FEED Contour Plot of MATERIAL REMOVAL RATE vs DRILL BIT DIAMETER, SPEED

MATERIAL -
REMOVAL AL
RATE "“""‘m
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R |

DRILL BIT DIAMETER
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0200 0225 0250 0275 0300 0325
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NT‘R“W OF hole v¢ DRILL BIT DIAMETER SpEen
CF .
PRIy A
-~ . s oy PR 6F SECUNTRENY 0F Nt e ORILL T UANIETER, PRED
( - '

] ”
SPEED WO g a8 amw are cwe s

i rill bit di )
r plot of eccentricity of hole vs d dia vs speed fig 6.14: contour plot of accentricity of hole = el bit i, fsed

z'wnto\l
fg 0

Surface Plot of torque vs SPEED, FRED

0225 0250 0275 0300 0325

0175 0200
s FEED

6.15 : contour plot of eccentricity of hole vs speed,feed Fig 6.16: surface plot of torque vs speed,feed
figh1o:

T DIAMETER
Surface Plot of torque vs SPEED, DRILL BIT DIAMETER Surface Plot of torque vs FEED, DRILL B

Fig 6.18: surface plot of torque vs feed, drill bit dia

Fi : ‘
B617: surface plot of torque vs speed,drill bit dia
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LL BIT DIAMETER, SPEED

W

Surfaca Play of thrugt v SPEED, Feen

g. surface plot of thrust vs speed,drill bit dia
gl

Fig 6.20: surface plot of thrust vs speed faed

face Plot of thrust vs DRILL BIT DIAMETER, FEED
Su

Surface Plot of DRILL BIT temperature vs SPEED, FEED

figb.21: surface plot of thrust vs feed, drill bit dia Fig 6.22: surface plot of drill bit temp vs speed, feed

Surface Plot of DRILL BIT temperature vs DRILL BIT DIAMETER, SPEED
Surace Plot of DRILL BIT temperature vs DRILL BIT DIAMETER, FEED

F‘EG)

3 SUI’fac e i g
ill bi i . rill bit temp vs drill bit dia, spee
& plot of g bit temp vs drill bit dia, fees Fig 6.24: surface plot of d



eI AL RgmoVAL RATE vs DRILL BIT DIAMETER SPEED

prot !
ot
2
wt
vaL RN
w0 »
0 10
DRILL BIT DIAMETER
200 300 0 8
SPEED

5 qurface plot of mrr vs drill bit dia ,speed
rig 64>

e Plt of MATERIAL REMOVAL RATE vs SPEED, FEED

surfa

fig 6.27: surface plot of mrr vs speed, feed

Surface Plot of ECCENTRCITY OF hole vs DRILL BIT DIAMETER, FEED

loml.l- BT DIAMETER

Fig.20.
¥ surface plot of eccentricity of hole vs bit dia feed

0 TR T—
s

Fig 6.26:
* surface plot of mrr s drill bit dia faed

Surf
ace Plot of ECCENTRCITY OF hole vs SPEED, FEED

’ “
ECCENTROITY OF hole; 4

15
025

Fig 6.28: surface plot of eccentricity of hole vs speed,feed

Surface Plot of ECCENTRCITY OF hole vs DRILL BIT DIAMETER, SPEED

ECCENTRCITY OF hale2

Fig 6.30: surface plot of eccentricity of hole vs drill bit dia,speed
ig 6.30:



7K WwET CONDITION RESULTS

. rimental val
fable 62" expe ues of bronze work piec
€
) FEED diameter temp o ﬁ
DT m 0 _|eccentrici )
o et o i) famy LT T
o ol s 2 16.23 CON ORQUE| THRUST
g 10 % : s  len lem
0 / 3].02 M (RS |
y 0.13 12— 30 2 29 0.82 -1 1
802 8 306 3 0822 | 41 |
02l 276 | 28 Lol B
y 10 63 1.7 ' 2
| o2l 26 | 501 0.663 D
y 0.21 12 33 . 2.9 0'8 2| 20
B2 — 5 | 8 20 3 o 17| 19
ls/o 0.33 L %8 | 7623 Lo 0.65 — =
g |8 12 T 28 0783 | 15 L
28{ 0.13 8 30.1 48'75 2.9 0.991 6 ?;
T 8 | 4136 3 s | 16
w | 02— s | 324 | 44N 0.948 " ”
— | 021 10 ) : L6 065 |10 o
W] 10 | 22 66.81 58 13|
w | 02— o2 L 85.37 0.728 13 2
| | 329 | 75.85 1.5 0.613 =
%Jﬁ,,/l_o,ﬂ 206 | 8168 ' g | 17
| <70 L 29 0.729
20 03 |12 34 10,85 : 1 | 2
/—f—'——__jL_ 0.905
ﬂ——i&——/ﬁ/ﬂ_ 4432 —/___L 27
10 0.13 10 ) | 4432 | 16 oot | 16 |
EETEERTRR R ey o |1
W | 013 12 34 om2 | B3 B
////_,529-6—,,&9__, 0.881 ]
450 0.21 8 32.2 ———-"____———___’1,8,,_,
|02 LS Cese3 | 06 | OV
450 0.21 10 35 | U067 1 I G
L 6 |16 0.698 12 |
450 0.21 12 31 /‘_/_’;’—‘
s | 033 — 5 | | 193 [ 4 | B
w | ox | 10 | 3 112.51 16 0.686 6 % |
450 | 033 //"_/——/
: 12 33 159.39 2.9 0.843 18 26
TORQUE versus SPEED, FEED,

6.
D;J Response Surface Regression:
ILLBIT DIAMETER

Mode| Sumf‘nary

o fsq Reglad) Resared
R-sq R-sq(adj) R-sa(pred)

9
T S124%  25.43%

0.00%
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Coefficients

e
Coe

ot 2ef_se Coef ¢ v

pstant 8.96 163 Byl a
(0 i | .

ffP S0 s ,

' 452 39 0184

" | 159 .. o
RIHBITDIAMUER 053 ¢ . "
PR ‘ . ‘
SPEED*SPEED e : o

. 29 |

FEED*FEED 358 - 0.010 1.02
RILLBITDIAMETER*DRILL BIT DIAMETER .47, 27 s
| : T a7 |
SPEED*FEED N 0.103 19
EED*DRILLBIT DIAMETER 15 o o
‘EDwDRILL BIT DIAMETER 044 | P
E 192023 082 14

F I
Regression Equation in Uncoded Units

. -36.5-0.332 SPEED - 214 FEED + 2
48 DRILLBIT
20 FEED*FEED - IAMETER .
+0200462 Al R1|.181 DRILL BIT DIAMETER*DRILL BIT DI;N?;OOMS oD SPEED
-0. LL BIT DIAMETER + 2.19 FEED*DRILL BT DIAIEARE'F o CEOEED
ER

:5.2 Response Surface Regression: THRUST

pRILL BIT DIAMETER versus SPEED, FEED,
VMODEL SUMMARY

MOV

fORQUE

5 R-sq R-sq(adj) R-sq(pred)

—

247934 8386%  7531% 56.33%
Coded Coefficients

Coef SECoef T-Value P-Value VIF

Constant 2094 134 1562 0000
0109 0586 019 0855 103

Term

SPEED
FEED 3163 0588 538 0000 102
ORILL BIT DIAMETER 3890 0589 660 0000 102
SPEED*SPEED g 110 117 0260 1.02
FEED*FEED g9 106 009 0% 101

5 0038 100
ML B DIAMETERDRILL BIT DIAMETER 228 1©! 225 .
SPEED#FEED o039 o703 0O 0957 1.

419 0252 101
PED'DRILL BIT DIAMETER omo 078 P
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ETER
P-pnlll o DIAMt- ninU M o,
73 : 10 . y
it ress'o" Equa ncoded Units ) 1

ped 43200117 SPEED - 688 fgpy , |
VST, g FEED'FEED - 0569 DRiLL gyy D|A) 0B DRILL A7 gy 3
0.00311 SPEED*DRILL By DIAMETE:! ‘ .

6'PSE'ED, FEED, DRILL BIT DIAMETER' LB TEMPERATURE versus
MOdeI gummary

¢ Rsq R-sq(adj) R-sq(pred)
o I TOT% s

1vode 4 Coefficients

¢

V Coef SE Coef T-Value P-valye i
onstant 31105 0944 3295 000
gtED 2853 0413 691 0go0 103
i 0449 0414 109 0293 10
oRILL BIT DIAMETER 0592 0415 143 0172 102
GPEED*SPEED 0964 0773 125 029 102
FEED¥FEED 0053 0747 007 0944 101
oRlLL BIT DIAMETER*DRILL BIT DIAMETER 1578 0713 221 0041 100
PEEDFEED -0203 0495  -041 0688 102
SPEED*DRILL BIT DIAMETER -1823 0498  -366 0002 101
FEED*DRILL BIT DIAMETER -0087 0501 -017 0865 101

Regression Equation in Uncoded Units

DRILLBIT TEMPERATURE = 31.6 + 0.1254 SPEED + 11.1 FEED - 5.37 DRILL BIT DIAMETER
- 0.000053 SPEED*SPEED + 5.3 FEED*FEED
+ 0.394 DRILL BIT DIAMETER*DRILL BIT DIAMETER - 0.0150 SPEED*FEED
-0.00675 SPEED*DRILL BIT DIAMETER - 0.43 FEED*DRILL BIT DIAMETER

6.5.4 Response Surface Regression: MATERIAL REMOVAL versus
SPEED, FEED, DRILL BIT DIAMETER

Model Summary

0 . R-sq R-sq(adj) R-sq(pred)
B89 9357%  90.16%  83.22%

C
Odeq Coefficients
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Coof < Coof 7t Val
dll e

vl
2 77.3( ¢ PValye
(pl“""ﬂ p) | ) 46 1417 N (r‘ /F
182 ny Jloly
grl?f‘D o 239 915 G009 14
’5.26 5 4 103
i TER 439 05y a000
IT DIAME 16.32 5 o0 10y
DRMB D 40680 goon 4
2 [0
-pEED*SPEE 6.00 446 " )
5 D -3.96 34 01% 10
FEED*FEE ) : 12 09 g
5PEED*FEED 6.79 286 27 00w 10
SPEED*DRILL BIT DIAMETER 564 288 % oo 2
' 067 101
FEED*DR'LL BIT DIAMETER 8.21 2.89 284 00
Regression Equation in Uncoded Units : 011 101

MATER|AL REMOVALRATE = 23 + 0.044 SPEED - 134 FEED - 6.5 DRILL BIT DIA
- 0.000329 SPEED*SPEED - 396 FEED*FEED e
- 0.07 DRILL BIT DIAMETER*DRILL BIT DIAMETER + 0.503 SPEED*FEED
+ 0.0209 SPEED*DRILL BIT DIAMETER + 41.0 FEED*DﬁILL BIT DlA;/;Eh‘u:?

5.5 Response Surface Regression: ECCENTRCITY OF HOLE versus
¢E£D, FEED, DRILL BIT DIAMETER

Model Summary

s R-sq R-sq(adj R-sq(pred)

0308604 90.06%  84.80% 70.99%

Coded Coefficients
Term Coef SECoef T-Value P-Value VIF
Constant 2516 0167 1508  0.000
SPEED 03277 00730  -449 0000 103
FEED o0gg2 00731 093 0364 102
DRILL BIT DIAMETER 08124 00734 1107 0000 1.02
SPEED*SPEED 0496 0137 144 0.169 102
FEED*FEED 0030 0132 03 0823 101
0283 0126 2 0038 1.00

D
RILLBIT DIAMETER*DRILL BIT DIAMETER
SPEED*FEED 00824 0.0875

01668 0.0881
00537 00885

094 0360 102
SPEED* g9 0075 101
EED*DRILL BIT DIAMETER 1

o6t 0552 101

FEne
ED'DRILL BIT DIAMETER
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ation in Uncoded Units

-y EQU
'9‘510'1 i 50 - (
ged”  opHOLE 650 - 0.00042 SPEED - 2 83 FEED) + 1 566 DRI iT ¢ IAME |
Nﬂu,wt 0.000011 SPEED*SPEED + 30 Feeryreery il
!l.u 0.0708 DRILL BIT DIAMETER*DRILL 817 tyanE Tep

+ 0.000618 SPEED*DRILL BIT OIAMETep | 00610 SPEED*FEE:

0269 FEED DB | At HAME T

onse optimization: ECCENTRCITY OF HOLE, MATERIAL
Ref\;’oVAL RATE ,DRILL BIT TEMPERATURE THRUST, TORQUE

R
qameter
p e Goal Lower Target Upper Weight Importance
~oNS - I
e (:\,TRCITY OF HOLE Minimum 060 30 1 1
eCCE ALREMOVALRATE Maximum 1623 159.39 1 1
Rl .
i BT TEMPERATURE Minimum 2500 364 1 1
L .
v ; Minimum 1100 320 1 1
U
TH P Minimum 500 470 1 1
10RQ
solution
MATERIAL
ECCENTRCITY REMOVAL DRILL BIT
DRILL BIT OF HOLE RATE TEMPERATURE THRUST TORQUE
jution SPEED FEED DIAMETER Fit Fit Fit Fit Fit
Solu
1 959,091 0.307778 8 1.54100 61.6578 30.5033 156209 498787
Composite

solution _ Desirability

Solution JESTEC

1 0600100

Multiple Response Prediction

Variable Setting
SPEED 259,091
FEED 0307778
DRILL BIT DIAMETER 8
Response Fit SE Fit 95% Cl 95% P!

ECCENTRCITY OF HOLE 1541 0163 (1.196,1.886)  (0.804,2278)

MATERIALREMOVAL RATE 6166 534 (50.40,7292)  (37.58,85.74)

DRLLBIT TEMPERATURE ~ 30.503 0.924 (28.554,32452) (26336, 34.670)

HRUST 1562 131 (12851839  (970,2154)

TORQuE 499 355 (2511248 (11032100
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Fig 6.52 surface plot of drill bit temp vs speed, drill bit dia
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Fig 6.56 surface plot of mrr vs speed,feed
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_Chapter 6
CONCLUSION

k sponse imizati y
P ()ptlmllatIOII pr()l)lems has been solved b uqing an op
re ! optimal

sent wor
tion of input
put parameters such as Speed, feed and drill bit diamet
er.

r
the P .
In ™ eric combind

pa “ete S [ [ [ t,

timal
is successfully implemented for optimizing the input parameter
s.

ese ©
erface Methodology
direct equation with I

g combination of contr .
T es to know the value of Surface Response instead of mac(:::?nzarametemwhmh .

tion of this gives direct equation in manufacturing industries

The implementa

o, Reduces the manual effort
» Reduces the production cost
, Reduces the manufacturing time

, Increases the quali imate goal of an industry

ty of the product which is the ulti

Bronze:
clude that the optimal solution for the temperature of 30.5°C,material

98 kgf,eccentricity of hole is
d = 259rpm, feed=0.30 mm/rev and drill bit

Hence we con
of 61.6578 mm/sec,torque of 4.
£15.62 kgmis obtained when spee

y using BCPL Oil.

removal rate
1.541 cm,thrust 0

diameter= 8mm b

Brass:
the temperature of 37.13°C,material removal

of hole is 0.6373cm ,thrust of
/rev and drill bit diameter= 8§ mm

hat the optimal solution for
£ 13.0928kef ,eccentricity

d= 450rpm,feed=0.257 mm

Hence we conclude t
rate of 70.03 mm?3/sec,torque 0

24.2158kgm is obtained when spee

by using BCPL Oil.
brass s better

h brass and bronze we can say optimal solution of

By the optimal solutions of bot
for the given input parameters.

than optimal solution of bronze
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, Optimization can

The factors
mes

FUTURE SCOPE

like tool wear and the chip thi
chip thickness can also be studied
ied so that the r
esearch

more useful.
Iindricity,ecentri

ers can
an two parameters into account

also be done re i W
ar
garding the cost of machining in economical
mical view.

paramet also be increas
e b
d and multi objective optimization can be
can be done

ng More th
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