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ABSTRACT

The aim of this study is to make comparison ofdhiing force, power, torque and tool life
in the end milling of modified AISI P20 tool steelth aid of statistical method by using
coated carbide cutting tool under various cuttingditions. The first and second order
cutting force equations are developed using thporese surface methodology (RSM) to
study the effect of four input cutting parametersich is cutting speed, feed rate, radial
depth and axial depth of cut on cutting force, poweque and tool life.

In general, the result that been obtained from thethematical model are in good
agreement with that obtained from the experimetd’'salt was found that the feed rate,
cutting speed, axial depth and radial depth pleyedajor role in determining the cutting
tools. The predictive models in this study aredadd to produce values of the longitudinal
component of the cutting force close to those regalrecorded experimentally with a 95%
confident interval.
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ABSTRAK

Tujuan kertas kerja bagi project ini adalah memdmgkan perbandingan antara kuasa
potongan, kekuatan, kalungan potongan dan jankatmgralatan yang dihasilkan dalam
operasi hujung kisaran terhadap modifikasi AIS| Ban besi.

Persamaan pertama dan kedua dalam sususan perptataigan telah dikembangkan
dengan menggunakan keadah tindakbalas permukaam digelajari daripada kesan
terhadap empat jenis pengeluar pemotongan. lalajuiee pemotongan, kadar pembekal,
kedalaman axial dan radial terhadap kekuatan pemato Kecerunan pemotongan yang
berkait dengan parameter pengeluar telah dibentendn model yang dijangkakan.
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CHAPTER 1

INTRODUCTION

11 BACKGROUND OF STUDY

Machining is very important in the manufacturingogess. But now days, many
manufacturing companies were often facing problersdtting the machine tools. For that
problem, manufacturing engineers and research Heeen realizing that in order to
optimize the economic performance of metal cuttpgrations, efficient quantitative and
predictive model that establish the relationshifwieen a big groups of input independent
parameter and output variable are required fomitlde spectrum of manufacturing process,
cutting tools and engineering materials currenthe un the industry. Efforts to further
improve and optimize machining time and costs Hialbke estimation of performance
features such as force, power, tool life, tempeeatand surface finish is increasing to
become important in modern manufacturing induséyKarri and H. Talhami, 1995). The
aim of the project is to develop the first and setorder power, force, tool life and torque
model when machining modified AISI P20 tool steetl also to safe the cutting cost and

production time.



1.2 PROBLEM STATEMENT

When doing machining process, the tool cuttingigbilill degrades with time, until
in certain time, the tool can no longer cut throtigh material. Certain conditions affect the
tool life, power, force, torque when it was nottable for the tools. Certain conditions

affect the tool life, power, force, and torque wiiewas suitable for the tools.

So that, we need have a solution in the beginningotve this type of problem. To
solve the problem, cutting tools user need to leameathematical model that can help them
to predict the power, force, tool life and torquedalculation. Therefore the cutting tools
users need to have a mathematical model that dantdveoredict the force, power, and
torque and tool life by calculation. From this waye can prevent the cutting tool from
damage at the short period of time. For that, thalebe several experiments to gain the
need data.

For this project, we need to run 27 experimenth wlifferent range of parameters.
There will four type of parameters been selectedhia experiment. There are cutting
speed, the fed rate, radial depth and the axiahddjnis project will use coolant and the
material hat been use for experiments is modifi¢dl #20 tool steel. Other than that, the
type of cutting tool that been use for this expemts is TiN coated inserts. To run the
experiments, we need computer numerical contral, @GNC machine. At the end of the
experiment, there will be two mathematical modadsrbuse. There are the first order and
the second order.



1.3  OBJECTIVE

The objective of this study is:

1. To predict the cutting force, power, torque and tde in the end milling operation
of modified AISI P20 tool Steel.

2. To make the comparison about the cutting force,grpvool life and torque in the

end milling.
1.4 LIMITATION
The develop models got its own limitation which @ne range of cutting speed is

between 100 to 180 m/min, the federate betweent®.0.2 mm/rev, the axial depth
between 1 to 2mm and the radial depth betweerbnto.

Table 1.1:Parameters range:-

Level Low Med High
w -1 0 1
Factors
Cutting speed (m/s) 100 140 180
Feed rate (mm/rev) 0.1 0.2 0.3
Axial depth (mm) 1 15 2
Radial depth (mm) 2 3.5 5
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THESIS OUTLINE
Chapter 1:

* In chapter, we tell about the project mainly. Inrdhewe talk about the

problem of  the project, the objective of thejpct, and the project scope.
Chapter 2:

* In this chapter, we talk about the literature rewithe project. In the
literature review, we tell about the wear mechani®NC Milling machine,
and other topic that related to the project.

Chapter 3:

» Chapter 3 mainly about the project methodology. Wilediscuss about the
project flow chart and the parameter that beenfaseéhe project. This is
very important because it will show a draft of thgeriment.

Chapter 4:

* In this chapter, we will talk about the researchuieand discussions. In

result, we will tell about overall of the experintgasult and show the way

that the result been gain. Then, we will discussuathat and tell the way to

improve it.



Chapter 5:

» Chapter 5 mainly about the conclusion of the ptojat here, we will tell

about the overall of the project and conclude it.



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

There are many type of angle been taken to anatyresar mechanism in aspect of
advance of material, surface engineering and labts&c Other than that, we also must
consider in aspect of design methods and condimonitoring for improving the wear
mechanism in cutting tools and the efficiency. As angineer, we need do more

development and challenge in tribology in the waachanism field.

As a basic machining process, milling is a onehefwidely been used in industry as
metal removed process. Milling surface are largegduto mate with other parts in die,
aerospace, automotive and machining design asaséll manufacturing in industry. In this
research the wear mechanism maps of carbide tdotsilling is constructed by many
condition of tools material, machined material amachining parameter. In this research, w
also discussed about optimizes the machine andsoipthe suitable milling parameter of

the carbide tools.



From the research, we can obtain various wear ratesarbide tools in milling
machine and constructed according the principleraethod of wear mechanism. There are
three axes been used in the research? There areates and cutting speed and the axial
depth. Other region been divided based on therdiftewear rates and mechanism. There
are many type of main wear mechanism been ocdieicarbide tools. There type of wear
involve is corrosive wear, flank wear, fatigue wesathesive wear, abrasive wear and many
other. Several wear exists in minor that been ddiafety cutting zone” for carbide tools

in Al alloys.

Julie Z. Zhang et al (2006) is the studied of stefaoughness optimization in the
milling process by using the Taguchi design metAdek study of the research is about the
application of Taguchi design that applied in omtimg surface quality of CNC milling
operation. The study also included feed rate, myit8peed and axial depth of cutting
control factors. There are analyze been taken aséd on signification factors that affect

the surface roughness, and the optimal cutting aaetibn.

Julie Z. Zhang et al. (2000) is the research ofdp®mal cutting condition for face
milling by varying cutting parameter through thegtliahi parameter design method. In the
36 experiment that been done, there three maiorfaeten indicated at level two and three
about the Taguchi method. The result that obtagnedfected the spindle speed and feed
rate on the surface were larger than depth of @utrilling operation. The surface finish
achievements of the confirmation runs under optimating parameter were able to

produce the best surface roughness in milling nmechi

K.Kadigama et al. (2008) is the research of th¢ liteoby statistic method in the end-
milling operational. The research been done mambevelopment of tool life in operating
P20 tool steel by using end milling machine. Thedgtbeen done by using statistical
method, and response surface method based onttirgapeed, feed rate, axial dept and

radical depth.



As applying roughness surface methodology (RMS)aftalysis the parameter of the
cutting tools. This methodology had been use falymns a combination of the design of
experiment. The other reason of this methodologggsession analysis and the statistical
inferences. By using this roughness methodologwilit also help to identification the

factors like tools characteristic and the toolsdibon wear.

2.2 CUTTING PROCESS

Cutting process is the process that uses to remmaterial from the surface of a
workpiece that use chips. There are three typeithihg operation been use. There are:

e Turning
« Milling

* Drilling

In this projects, the process that been use mifragess that the workpiece will move
to left and the cutting tools will rotate on the nkiece surface and remove the layer of

material.



Figure 2.1: Surfaces produced on Aluminum steel after beerbguising

milling machine that been scan in electron micrpgco

2.2.1 Milling Process

Milling process is a process for producing flat aodrved surfaces that using
multipoint cutting tools. The machine tools invaivs milling machine and milling carbide
tools. There are three basic types of milling qutte

* Plane Milling Cutter

» Face Milling Cutter

* End Milling Cutter.
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The plane-milling cutter is used to produce flatface in manner. The cutting edge
may be parallel to or inclined to the axis of thater. If the cutting edge is inclined to the
axis, this inclination angle referred to as a halingle. A plane- milling cutter produces a
cut of variable undeformed chip thicknegsand the simple orthogonal cutting situation is

only a crude approximation because of the variabtierformed thickness involved.

The face milling cutter is also used to machinedlaface. But, in these cases, the axis
of cutter is perpendicular to the finished surfatstead of being parallel to it as in the case
of a plane-milling cutter. Also, the undeformedgthicknesst] is constant throughout the
cut and corresponds to the feed per tooth, white dbpth of cut corresponds to the

underformed chip widthbj. The inclination angle may be 0° or some valu¢oss°.

FACE MILLING

Cutter ratation
-Rad

— Length

Figure 2.2:  Face milling cutter sketch.

An end mill is used to produce slots and surfacgfilps and operates. It closely
resembles a face mill in the manner it is presetuetie work but is a very much smaller
cutter. As, in the case of the milling cutter axssecondary cutting edge perpendicular to
the cutting axis, and a nose radius connectingtwte However, the undeformed chip
thickness is variable throughout a cut as in tlse cd the plane milling cutter.
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Figure 2.3: End Milling

+ +

Faap Firr Voaeyn
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Figure 2.4:(a) up cut of milling, (b) down cut milling
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2.3 CUTTING MACHINE

Milling operation is the process done by the Mglimachine. CNC milling machine is

the main machine that been used in this projeds iBithe machine that the machine tools

that used for shaping of metal and other solid nedte

Criterion M

Control

Cantrol (pecifeally among CNE

mathines)

Spindle 2s orentafion

Pumose

Purose

Purpose

Size

Puwersouice

Table 2.1: Table of various type of milling machine operation

Example clasaification scheme M Camments M

Manual,
Inthe CHC era, awery basic distineion is manual versus CHE.
Mechanically avtomated via ams,

Digitally automated via NCACHE

Among manual machines, a wothwhile disinefion s non-DRC-quipped versus DR C-equipped

Humber of axes (&g, J-axis, dhavis, or more)

Hithin this scheme, aleo:

1 Pallebchanging versus nonpallet changing

1 Fulkauto tool-changing vetsuz sem-duto or manual
tookzhanging

Werieal versus horizontal,
Among verical mill,"Bridgeportstyle" is 3 whole olass of mills inspired by the Bridgepont original
Tum versts nanumet

(emeralpurpase versus special purpase on single-puipose
Taoltoom machine versus production machine Ciarlaps with abuwe

A disinction whase megning evalved over decades 2 eehnology progressed, and wvelaps with ether purpose classfcations above;
"Flain" versus"universal
mare histrieal inerast then eutrent

Miteo, mini, benchtap, standing on flaor, large, very

[arge, gigantie
Linehafh v versus individual eleatric moton dive— Mostine-sha-dive machines, ubiquitous viea 180-1430), have been swrapped by nom

Handorank power versus eleckic Hand-tranked nat uzed in industy butsuitable for hobbyist micsomills
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2.3.1 Milling cutter tools

Milling cutters are generally made of high speexkkor have cemented carbide teeth.
It is common practice with large milling cutters tse inserted teeth which may be
removed for grinding and replacement. Smaller csittare frequently equipped with
carbide tips that are brazed in place. The noraigd angle is readily computed from the
equation 2.1 will give the effective rake angle. The helix or inclination angle may be

determined by rolling the cutter on sheet of carpaper.

tan o= tana_

cosi

(Eq.2.1)

(CH) Axial Rake Angle
Lead =——, (A.R)

Sub Cutting Edge

True Rake Ange (T) {v

s Angle '
L (EH) ﬁ
Radial Rake Angle (RR) |

Main Cutting Edge
Eut‘ﬂng Edge
Inclination
i
't

Each Cutting Edge Angle in Face Milling

Fig 2.5 Face-milling cutter with inserted lades and shbgangles.
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2.3.2 Factors in Machining Operations

The operation of removing metal by means of cuttoals using some sort of machine
tool in order to obtain a desired shape are catladhining. The selection of a machine tool
or a particular depends upon many factors, such:

» The shape and size of the product required
* The quantity of material to be removed

» The type operation to be performed

* The number of components required

* The type of material to be handled

2.4  CNC MILLING MACHINE

Computer controlled machine tools (CNC-Computer Mrtoal Control) operate
without requiring human to turn the dials. Sincerthis no expert running the CNC
machine, the differences between an expert andexperienced operator must be reduced
or eliminated if a CNC machine is to produce acallet parts. Once the differences are
eliminated, the CNC machine can reliably make meopied of the same part with the
same accuracy as the expert machinist. The CNC imattowever will not get tired and

make mistakes. There are no boredom or fatigueltrena

The machine squareness, adjustment of gibs andittbé the ways should be common
between the manual and CNC methods of machinirtheEiype of machining requires
that
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the X axis and Y axis are perpendicular to eaclerodnd also to the Z axis. The
machine slides must be free moving over the leftthe travel and cannot bird or flex
when cutting or when motion direction changes. i@gtflat surfaces requires linear slides
with flat travel ranges. Lubricant applied to wagsd lead screws will not measurably
affect the differences between the results of gredxand a novice. Lack of lubricant will
affect the life of the machine, and may fatigue th@chine operator, but will not make a
marked difference in results between CNC and mamaahining.

There two contributing mechanical factors, whiclm causes a big difference in the
results achieved by an expert and a novice. There a

* Lead screw nut slop.

» Endplay of the lead screw.

2.4.1 Lead Screw Nut Slop

This is the result of a loose fit between the maelaixis lead screw and the table drive
nut. Commercial grade V-threads and acme threads tlaarances that permit rotation of
the screw within the nut. Even a precision groural Bcrew will have some small
clearance between the nut and the screw. Wheriamtdirection changes, this clearance
permits a slight rotation of the lead screw, befibree machine slide starts to move in the
new direction. Usually this is the main componehbacklash because the endplay will

remain small on a well-designed and maintainedmgilinachine.

The Nut-clearance backlash can be measured onantipday has been eliminated. Place
an indicator against the end of the machine tatMenount it to the table and contact a
moving part of the machine such as the spindleth®fmachine has graduated dials, note
the
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reading when the dial is rotated clockwise to mthwe indicator dial off zero. Then
rotate the handle counter-clockwise until the iathe dial has moved at least 0.001 inch.

The nut slop backlash is the change in the han@Wwbkading minus 0.001 inch.

The same measurement can be made on a CNC maghirsenlg the incremental jog.
The jog machine in a plus direction to move thadatbr off zero. The jog in the opposite
direction until the indicator moves 0.001 inch. The clearance backlash will be equal to
distance jogged minus 0.001. If the CNC controlirgport backlash compensation, this is
the number to use for that parameter. Enteringotoklash compensation into a controller
will not in any way eliminate backlash, but may raatkilled hole locations a bit more

accurate.

Adding mechanical backlash control to a milling imae permits the machine to
reliably position as good as an expert machinisfjihg manual cranks. There are still a
few other tricks that the expert machinist usesiéke good parts, but much of what at one
time was thought of as art is now reduced to prtatscience with the addition of few anti

backlash nuts.

2.4.2 Endplay of the lead screw.

Endplay will occur in lead screw if the lead screwunts permit motion of the lead
screw when direction changes. Typically the enddeafl screws will be machined to
precision diameter with shoulders and placed ile@ve or ball bearing (thrust bearings). If
the machine design does not have thrust bearingadjastment for endplay, changes in

direction will result in rotation of the screw witt any corresponding motion of the slide.
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This can be easily measured by placing an indicatothe end of the screw. Under
cutting loads, during changes in direction of riotatof the lead screw. CNC ready desktop
mills from manufacturers such as Taig and Sheriagehthrust bearings to prevent

endplays.

Endplay can be eliminated for the most part by ighslpreloading of the thrust
bearings. Take care not to preload the bearingsach as that may cause excessive drag,
heating and premature wear of the trust preloadodaings too much as that may cause
excessive drag, heating and premature wear oftthestt bearings. Motor shaft bearings
should not be used as a substitute for thrust hggrias they have no method to adjust for

endplay.

Machine Table

[Frust
Bearing

Machine Frame

End FPlay Uistance ‘

Figure 2.6: Endplay of the lead screw
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25 WEAR

To understand the degradation process known as Wiearmain work is o predict the
rate of wear and to reduce wear, still form soméefmost problematic challenges facing
by the engineers. The understanding of wear oftealves detail knowledge of mechanics,

physics, and chemistry and material science.

2.5.1 Definition and Development of Wear Studies

The widest definition of wear, which is includebetloss of material from a surface,
transfer of material from one surface to anothemmvement of material within single
surface’. Although a narrower definition of weashH@en proposed as ‘progressive loss of
substance from the operating surface of a bodyrdoguas a result of relative motion at

the surface. It is significant to what consideritnglied and excluded by this way.

Wear has entered the scientific arena rather nemently. The design and construction
of early machine involve large clearance and lowespof operation, resulting gross
adhesion or excessive friction could be avoided.aWeannot be avoided in any

manufacturing process that mainly abrasive prongsgoing on.

In the view of highly complex nature of wear pracesd difficulty of producing
realistic model for them, there are many discussiosliding wear been start in the simple

assumption of the relationship between the wearaatl the normal rate.
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Hq 2.2):

Where Q is the volume removed from the surfaceupdr sliding distanceWV is the
normal load applied to the surface by its countatybandH is the indention hardness of
the wearing surfaceK is the dimensionless quantity which usually caltk@ wear
coefficient and which provides a valuable meansaohparing the severity wear processes.
As our understanding of wear process dependscdrbes increasingly important to able to

transfer the knowledge into design and operatiomachine.

2.5.2 Classifications of Wear Mechanisms/ Models

Wear is not the properties but it is a system respoThe wear rate of a material can
vary from 10° to 10®mm*N depending on contact condition such as the eopatt
material, contact pressure, sliding velocity, cohtashape, suspension stiffness,

environment and the lubricant.

The wear rate changes through the repeated cqmtacess under constant load and
velocity. It generally high in an initial unsteastate and relatively lower in the later steady
one are the terms that used to describe wear rateges resulting from wear due to
repeated contact. In steel against steel cortastchanges is caused of the changes that
been make in the wear mode. So mechanical wearilbesavear governed mainly by the
processes of deformation and fracturing. The dedition process has a substantial role in
the overall wear ductile materials and fracturinnggess has a major role in the wear in

brittle materials.
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Wear modes which is abrasive, adhesive, flow atigua wear are more descriptive
expression of mechanical wear. In abrasive weaetdimensional wear models of surface
scratching by a hard asperity have been proposeddcanfirmed through quantitative

agreements between experimental and theoretiddiy wear volumes can expressed in:

WL
I:.a' = (;ﬁ H1I-

(Eq.2.3)

WhereV is the volume of wealV is the loadinglL is the sliding distancey is the

shape factor of an asperity afitk the degree of wear by abrasive asperity.

If the wear rate is given a specific wear raig,or a wear coefficient, K. the equation

ap
CHy

(Eq.2.4)
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26 DYNAMOMETER

Certain crystalline materials, notably quartz (§i@nd barium titanate (Bati) have
unit cells with an identifiable dipole. In strondeetrical field, all cells tend to align,
producing positive and negative ends. If electraatésched to these ends are subjected to
tensile or compressive stresses, they separatpposoach each other and voltage change
results. Crystals that exhibit such an electromeiciah action are referred to as

electromechanical transduceasd called pressure electric devices.

Quartz is the piezoelectric material used in mostienn dynamometers. Most force
sensors have an elastic element, the deflectiavhath is a measure of force. With quartz
piezoelectric sensors, the deflections involved @relimensions rather than microns as
with strain gages. This provides a transducer of geeat stiffness, high natural frequency,

low rise time (time for

the output to go from 10 to 90% of the final value)d high time constant (time for a DC
signal to decay to 37% of the initial value). Qumattansducer also has a very high
resistance (~16 ohms) and useful anisotropic properties. Dependimghe orientation of

a platelet cut from a single crystal, it may bessre to a compressive stress or a shear
stress.

This is the type of dynamometer that used in tignmilling, and a variety of other
metal cutting studies. These platforms come in ewsaof sizes and are sealed against
contact of the sensors with cutting fluids. Suclyaamometer would be used in turning
studies with tools of moderate size. The tool hold# accommodate tool shanks up to 1 x
1 in (26 x 26 mm) in size. For heavier turning @iens, larger platforms with internal
water cooling are available as well as tool holdmrsommodating tool shanks of larger

size. This dynamometer also used for variety ofimglstudies.

2.6.1 Milling Dynamometer
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In a plane-milling operation using a helical-midincutter, three orthogonal
components of force must be recorded simultaneotily dynamometer shown in Figure
2.3 employs four octagonal rings mounted betweem lane rigid surfaces oriented as
shown in the plane view of Fig 2.3. The axes ofsiB and C are in thedirection while

rings A and D have their axes in tkirection.

When an arbitrarily vertical load (I is applied it is carried by all four rings, and
hence the two vertical measuring gagesdmid G) of each ring are wired into one eight
gage bridge circuit in such a way that all outpdt.aA force in thex-direction (k) is
measured by the gages in the inclined positionokd in thex-direction produces no

bending in the ring A and D since

their axes are in the direction of the force (ay\aiff direction). The gages on rings A and
D are used to measure forces in yhdirection just as those on rings B and C are dsed
forces in thex-direction.

In designing a dynamometer such like in Fig 2.3,hage need for the stiffness of a
ring in the axial direction. From thin ring theowe can obtain an expression for the
stiffness (K) in the axial direction K, just as we did previbugor the radical and
tangential directions. The expression fardan been found in the thin ring theory.

Ebt

K:
& 407

(Eq.

2.5)

2.7 CUTTING FLUID

There are various type of fluid been used in th@rgumachine to prevent the tools to

cool and lubricated. The various types are alstuded oil-water emulsions, plaster, gel
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and mists. These fluids are made from the petroldistillates, animal fats, plant oils, and
other type of raw ingredients. The types of cooket
= Lubricant

= Coolant

Every kind of machining such like turning, millingrinding and many other can
potentially benefit from one kind of cutting fluat another and depend on the type of work
piece been used. Interrupted cuts such as miNuitty carbide cutters are usually

recommended to be used dry due to damage the bytteermo shock.

The properties that are sought after in a goodnguttuid are ability to:

Keep the work piece at the stable temperature.
» Maximize the life of the cutting tip by lubricatirtbe working edge.

* Will ensure a safety for the people who are handiegmachine and

the environment.

* Prevent rust on the machine parts and cutter.

2.7.1 Lubricant

The lubricant is the substance that been introdbetgeen the two moving surfaces to

reduce the friction between them, improving efii@g and reducing wear. They may have
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also had the function of dissolving or transportiogeign particles and of distributing heat.
One of the single largest applications for lubricemform of motor oil is to protect the

internal combustion engines in motor vehicles amdgred equipment.

Typically lubricants are containing 90% base ogt(pleum fractions) and less than
10% additives. Vegetable oils or synthetic ligusdeh as hydrogenate polyolefin, silicone;
fluorocarbons and many other are sometimes usdses oils. Additives deliver reduced
friction and wear, increased viscosity, improveskcuaisity index, resistance to corrosion and

oxidation, aging or contamination.

Lubricants such as 2-cycle aite also added to some fuebilfurimpurities in fuels
also provide some lubrication properties, whichentvbe taken in account when switching

to a low-sulfur dieselbiodieselis a popular diesel fuel additive providing adufitl

lubricity. Non-liquid lubricants include gregsgowders (dry graphitd®TFE Molybdenum

disulfide, tungsten disulfide etc.), Teflon tape used in plumbing, air cushiand

others. Dry lubricantsuch as graphite, molybdenum disulfide and tumgdtsulfide also
offer lubrication at temperatures (up to 350 °@har than liquid and oil-based lubricants
are able to operate. Limited interest has been showow friction properties of compacted

oxide glaze layerormed at several hundred degrees Celsius in hieediding systems,

however, practical use is still many years awaytdué@eir physically unstable nature.
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Function of lubricant:

» Keep moving parts apart

* Reduce friction

» Transfer heat

» Carry away contaminants & debris
* Transmit power

* Protect against wear

* Prevent corrosion

2.7.2 Coolant

Coolant is a fluid that flows through a device irder to prevent its overheating,
transferring the heat produced by the device te@rottevice. An ideal coolant has high
thermal capacity, low viscosity is low-cost andcisemically inert, neither causing nor

promoting corrosion of cooling system.

While the term coolant is commonly used in autoregtiresidential and commercial

temperature-control applications, in industrial gassing, heat transfer fluis one

technical term more often used, in high temperatase well as low temperature
manufacturing applications. The coolant can eik&&p its phase or stay liquid or gaseous,
or can undergo a phase chang&h the latent heatdding to the cooling efficiency. The

latter, when used to achieve low temperaturespiseroommonly known as refrigerant
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Type of coolant that been use is:

» Oils are used for applications where water is uable. With higher boiling
points than water, oils can be raised to considerhalyher temperatures
(above 100 degrees Celsius) without introducind tpgessures within the

container or loop system.

* Mineral oils serve as both coolants and lubricantsmany mechanical
gears. Castor oil is also used. Due to their higitifg points, mineral oils
are used in portable electric radiator-style spheaters in residential
applications, and in closed-loop systems for ingaisprocess heating and
cooling.

» Silicone oils are favored for their wide range gqfemting temperatures.

However their high cost limits their applications.

* Fluorocarbon oils are used for the same reasons.

2.8 MATERIAL PRODUCT

Aluminium Alloy AISI 6061 is a precipitation hardeg aluminium alloy, containing
magnesium and silicon as its major alloying elemehthas good mechanical properties
and exhibits good weld ability. It is one of the sh@ommon alloys of aluminium for
general purpose use. It is commonly available etpmpered grades such as, 6061-O
(solutionized), 6061-T6 (solutionized and artiflsjaaged), 6061-T651 (solutionized,

stress-relieved stretched and artificially aged).

Aluminum Alloy AISI 6061 is widely used for constition of aircraft structures, such
as wings and fuselages, more commonly in homehbudtaft than commercial or military
aircraft, it also use in yacht construction, inchgdsmall utility boats and construction of

bicycle frames and components



Table 2.2: Composition Data

Aluminum Balance
Chromium 0.04-0.35
Copper 0.15-0.4

Iron 0-0.7
Magnesium 0.8-1.2
Manganese 0.15 max
Other 0.15 max
Remainder Each 0.05 max
Silicon 0.4-0.8
Titanium 0.15 max

Zinc 0.25 max

27
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Table 2.3:  Aluminum Alloy AISI 6061 speciation

Principal Design Features

Probably the most commonly available, heat treatable

aluminium alloy.

Applications

Commonly used in the manufacture of heavy-duty structures
requiring good corrosion resistance, truck and marine
components, railroad cars, furniture, tank fittings, general
structural and high pressure applications, wire products, and

in pipelines.

Machinability

Machinability in the harder T 4 and T6 tempers is good. It is

notably less easy to machine in the annealed temper.

Forming

Easily cold worked and formed in the annealed condition.
Stamping, bending, spinning, deep drawing are all readily

accomplished using standard methods.

Welding

The alloy has very good welding characteristics and may be
welded by all of the common welding techniques. Gas
tungsten arc welding is generally used for thin sections (less
than 0.032") and gas metal arc welding is used for heavier
sections. Use alloy 4043 filler wire for best results, although

a decrease in T 6 properties will result.

Heat treatment

Solution heat treats at 990 F for adequate time to allow for
thorough heating and then water quench. Precipitation
hardening is done at 320 F for 18 hours and air cool,

followed by 350 F for 8 hours and air cooling.

Forging

The alloy is capable of being hot forged at temperatures in

the range of 900 F to 750 F.

Hot working

Hot working may be done in the temperature range of 700 F
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to 500 F.

Cold working Cold working in the O temper condition is readily performed.
The alloy is notably less easy to cold form inthe T4 and T 6
tempers.

Annealing Annealing should be done at 775 F for 2 to 3 hours followed
by controlled cooling at 50 f per hour down to 500 F, then air
cool.

Aging The aging precipitation heat treatment is done at 350 F for 8
hours followed by air cooling. This produces the T6 temper.

Tempering Not applicable.

Hardening See "Aging".

Other Physical Props Electrical conductivity 40% of copper.

Other Mechanical Props Shear strength for O temper is 12 ksi and for T 6 temper it is
30, ksi

29 METAL CUTTING PARAMETER

Metal cutting Operation

Machine

h h 4

Tools Coolant Workpiece Material

h h 4 h

Cutting Feed Axial Depth
Speed Fate

Figure 2.7: The building block illustrates the major factoratthffect metal cutting
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2.10 RESPONSE SURFACE METHOD (RSM)

Response surface method (RSM) adopts both mathmahand statistical techniques
which are useful for the modeling and analysisrobfems in which a response of interest
is influenced by several variables and the objectsvto optimize the response. In most of
the RSM problems, the form of the relationship lestw the response and the independent
variables is unknown. Thus the first step in RSNbi$ind a suitable approximation for the
true functional relationship between response ¢érast 'y’ and a set of controllable
variables {x1, x2 ...xn}. Usually when the respoifisection is not known or non-linear, a

second-order model is utilized in the form:

A Ll
W
y=by+ E bix; + E hix; + E E hyxix; + £
i=1 i=1 <y

(Eq.
2.6)

Analysis of variance (ANOVA) is used to check thdequacy of the model for the
responses in the experimentation. ANOVA calculdies F-ratio, which is the ratio
between the regression mean square and the meare &qwor. If the calculated value of F-
ratio is higher than the tabulated value of F-r&tioroughness, then the model is adequate
at desired significance levelto represent the relationship between machinisgaese and

the machining parameters.

For testing the significance of individual modekffcients, the model is optimized
by adding or deleting coefficients through backwaldnination, forward addition or
stepwise elimination or addition. It involves thetermination of P- value or probability of
significance that relates the risk of falsely réjeg a given hypothesis. If the P-value is less
or equal to the selectedlevel, then the effect of the variable is sigrafit. If the P-value is

greater than the
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selecteda-value, then it is considered that the variabl@as significant. Sometimes the
individual variables may not be significant. If th#ect of interaction terms is significant,
then the effect of each factor is different at eliéint levels of the other factors. In the
present study, ANOVA for different response vamabls carried out using commercial

software Minitab with confidence level set at 95%., theo-level is set at 0.05.

To have an assessment of pure error and modabfigtiror, some of the experimental
trials are replicated. The adequacy of the modetdso investigated by the examination of
residuals. The residuals, which are the differeletween the respective observed
responses and the predicted responses, are exaasimgdthe normal probability plots of
the residuals and the plots of the residuals vetiseiredicted response. If the model is
adequate, the points on the normal probabilitysptdgtthe residuals should form a straight
line. On the other hand, the plots of the residualsus the predicted response should be
structure less, i.e., they should contain no obwioattern.

Response surface methods usually involve the fatigwteps:

. The experimenter needs to move from the presentatpg conditions to
the vicinity of the operating conditions where tiegponse is optimum. This
is done using theethod of steepest ascémtthe case of maximizing the
response. The same method can be used to minilmzeesponse and is
then referred to as theethod of steepest descent.

. Once in the vicinity of the optimum response thperimenter needs to fit a
more elaborate model between the response and atterd. Special
experiment designs, referred toRSM designsand are used to accomplish
this. The fitted model is used to arrive at thet lmggerating conditions that

result in either a maximum or minimum response.

. It is possible that a number of responses may haJee optimized at the

same time. For example, an experimenter may wantawimize strength,
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while keeping the number of defects to a minimure Dptimum settings
for each of the responses in such cases may leadnfticting settings for
the factors. A balanced setting has to be found thees the most
appropriate values for all the respond@ssirability functions are useful in
these cases.

Uses of RSM

. To determine the factor levels that will simultansly satisfy a set of
desired specifications.

. To determine the optimum combination of factorst thields a desired
response and describes the response near the aoptimu

. To determine how a specific response is affectedhayges in the level of

the factors over the specified levels of interest



CHAPTER 3

METHODOLOGY

3.1 Introduction

In this chapter, we will explain about the concaptl method that been use for this
project. From this chapter, we will provide guidels for generated the result of the project.
So, the methodology is the most important elementbé considered in order to
development of the study running smooth. In thaecahe overall of the methodology is
the illustrated in the flow chart. The flow charillvehow the produced and method that b
taken for the experiment.

The design of the methodology is the series stejgclwbhow the sequence for the

experiment to yield an improve understanding ofghaduct or performance.

3.2 Flowchart

The flowchart of the project will described abdhe element of the work that been
done in the project. A good methodology is the dbed of the research base of the
guidelines in the managing the study.

The flowchart that described the elements of thekwsshow in figure 3.1.
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Figure 3.1: Flowchart
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Show the journal or
information  about the
parameter, cutting process,
machine and material that
been use.

Show the method,
flowchart, material, and
number of factor for the
experiment.

Find the prepare material,
cutting tools and software.

Collect the data from
experiment and do analyze
of that.

Generate the result
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3.1. THE PROCESS STEP DESCRIPTION

The step of the tool life, torque, power, and foofehe cutting tools analyze will be
based on the literature review. The major stepotopiete the project will be made based
on the step to complete the project will be madsetlaon the effective design of the
experiment.

Step 1: Problem Statement.
To implement the experiment in the order to prednet analyze of the
cutting force, power, tool life and torque. The lerpent is based on the

CNC Milling machine parameter.

Step 2: Objective of the experiment.
To make the comparison about the cutting force,gupteol life and torque
in the CNC Milling process in AISI P20 tool steel.

Step 3: Quality Characteristic and Measurement Sysm.
This experiment will be run at CNC Milling Machisad the measurement
will be taken in the Dynometer and the analyze idimake in MINITAB

and comparison will be make.

Step 4: The factors that influences the Quality ofhe Product.
The machining parameter that investigated is:
1. Cutting Speed:

The speed of the cutter moving on the product sarfa
2. Feed Rate:

The rate of the cutting tool that cut the partha line at certain feed.
3. Axial Depth:

The depth of the cutting tool cut of the producttia operation.
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4. Radial Depth:

The depth of the cutting tool cut of the producttia operation

The flowchart for the experiment which is the flofvprocess show in Figure 3.2 and

cause effect in the milling process show in Figi®

Set the Parameter in theg ) ) .
machine » Cutting Process » Dissemble material
and cutting tool.
Collect the Data. J Force, Power, Torque
- and Tool Life analyze
Figure 3.2:the flowchart of the experiment process.
Machiningz
= arameters Frocess kirermatics
Cutting tool Properties Cooling fhiid
s Tool material
Step over

B aut - Drepth of cut

Tool sha;
o Pe Feed rate

Tool angle
Cutting speed

Hose radius

FProblem

Workpisce diarmeter operation

Scecel=ration

Workpisece hardness
Workpiece bength Chip formation

Wibraton

riction in the cutting zoaee

Workpiece Fropertics Cutting force variation

Cutting Fhenormena

Figure 3.3: Cause effect diagram of the milling process.



Step 6: use software and assign the parameter.
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In this step, we need to use the Mintab softward assign the parameter

information. Then get the full parameter table.

Table 3.2:the experiment design of milling process

Std Order | Run Order| Pt Type Blocks cutting speefdnim) | feed rate (mm/rev) axial depth (mm)
14 1 0 1 140 0.15 1.5
8 2 2 1 180 0.15 2
3 3 2 1 100 0.2 1.5
12 4 2 1 140 0.2 2
9 5 2 1 140 0.1 1
1 6 2 1 100 0.1 1.5
10 7 2 1 140 0.2 1
15 8 0 1 140 0.15 1.5
13 9 0 1 140 0.15 1.5
6 10 2 1 180 0.15 1
2 11 2 1 180 0.1 1.5
5 12 2 1 100 0.15 1
11 13 2 1 14Q 0.1 2
7 14 2 1 100 0.15 2
4 15 2 1 180 0.2 1.5

Step 7: Run the experiment based on the experimedesign

Run the experiment based on the parameter that §hen, collect the data

from the experiment by using Dynosoftware. If thetadare not suitable,

repeated the step again until u gets the resulteagected.

Step 7: Run the experiment based on the experimedesign

Run the experiment based on the parameter that Blaém, collect the data from

the experiment by using Dynosoftware. If the datareot suitable, repeated the step again

until u gets the result as u expected.



37

Step 8: analyze the result from the experiment.
There are several things that need to be analyasddbon the objective of the
project. The main factor that needs to discover is:

1. The main effect

The main effect is very important to determine @pimum condition of the
project because the optimum condition will foundewhthe result of main effect been
determine. In this case study, the machining patamend the level of use is the main
effect to produce the optimum results. Other thhat,tthe main effect will play a

important role in influencing the result factors.

3.4 Specimen Preparation

The workpiece material that been use for the ptage@lSI P20 Steel tool in the
rectangle bar shape. The dimension of the bar esnl6f length, 17cm of height and the
2.45cm of thickness. The cutting tool that is cddtg chromium-molybdenum alloyed. It
considered as high speed steel that used to bulddnfor plastic injection and zinc die-

casting, extrusion dies, blow moulds, forming taatsl other structural components.
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Figure 2: side view Expariment

Section

Figure 3.4: Diagram of the workpiece
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3.5 CNC Milling Machine

The machine used in study is one of FKM machinds la Computer Controlled
Machine (CNC) that operates without human helputm the dials. The machine use to
remove the surface of metal by milling process. fifwalel of the machine that use for this
project is HAAS VF-6 model.

Figure 3.5: CNC Milling Machine.



CHAPTER 4

RESULT AND ANALYSIS

4.1. INTRODUCTION

In this chapter, the experiment result will be dissed the analysis that done about the
development of the cutting tools of CNC Milling Mare by using Aluminum Alloy AlSI
6061. The cutting tools that been analysis in tsilt is cutting force, power, tool life and
torque. These results also will discussed aboutdthelopment of the first and second
order model for predicting the cutting tools in endling operation of modified AISI P20
tool steel.

The cutting tools contours with respect to inputapaeters are presented and the
predictive models analyses are performed with didhe statistical software package
MINITAB. In this study, the cutting tools that bediscussed will be developed of first and

second predictive models by using four type ofafala.

The variable are stand by cutting speed, feed aatal depth and radial depth. In order
to develop the first and second order of cuttinglgomodels, a design consisting 27
experiment was been conducted. This experimentwaad to measure the cutting force,
power, tool life and torque and the cutting spemanfthe test that been done. After the
experiment, the cutting tools values been calcdlég the equation that been generated
using MINITAB, Box and Behnken.
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4.2. Model for Cutting Force, Power, Torque, and Tool Lfe.

By using the response surface method as the rekreme can investigate the
relationship between the four conditions and respotihat can be related by the linear

equation:

INF=AInV.+BInf +Clnag+DlIna + E (Eq
4.1)

Where, F will be representing the cutting toolsspanse), A, B, C, D and E is
constants. While the Ms the cutting speed (m/mif)will be the feed rate (mm/revd, is
the axial depth (mm) and, will be represented the radial depth (mm). By usihig

equation, the equation 4.2 will be generated by#iee of cutting tools. The equation is:

y = B0Xo + S1x1 + 52X + B3X3 + fAX4 + € OF
Y=y —¢&= 0%+ fLlxg + 2% + f3X3 + fAXy (Eq 4.2)

where y will be representing the cutting tools experimerdiue and they will be
representing the predicted value. Forxhieq, xo, X3, X4 ande will be dummy variablex0 =
1), stand for cutting speed, feed rate, axial degticut, radial depth of the cut and

experimental error, respectively, 51, 2, 3 andpsare the model parameters.

In most of the cases, the response surface vasialdmonstrate some curvature in
most ranges of the cutting parameter. Other that thwould also be useful to consider the
second

order of study. The second model of study is madentlerstand the second order affect of
each factor separately and the way interaction gstothhese factors combined. So that,
equation that gain from this model is:
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ANl

§" = foXo + fixa + foXo + faXa + faXa + Praxot + fooko® +aaxo’ + fasxo” +
ProXaXo +

Pr3XaXa+f1aXaXa + PasXoXs + PaaXoXa + PaaXaXa (Eq 4.3)
4.3 EXPERIMENTAL PROCEDURE
4.3.1 Experimental design for RSM

From the equation (3), the parameter that beenaappes,, f», etc, can be determined
using the method of least squares from the calonlaf MINITAB. In order to reduce the
total number of cutting tests and allows simultarsegariation of the four independent
factors, a well designed experimental procedurethée followed. In machining research,
the Box-Behnken design experimental procedure lmasd followed. In machining
research, the Box—Behnken design has found a bapgtication compared to other
experiment designs used for RSM. Based on the cwtbn of the factorial with the
incomplete block designs will be design the Box-dedn. It does not require a large

number of tests as it considers only three levels @, 1) of each independent parameter.

Normally, the Box-Behnken is used for the non-satjaeexperimentation at the time
the test is conducted at once. . It allows an iefficevaluation of the parameters in the first
and second order models. Using Minitab the cuttingditions of 27 experiments are
generated and the experiments are conducted ragdonmmhinimize the chance errors. In
order to calculate the experimental error, the A¥eaments consider five times repeating
of the central point of the cutting conditions. éfta series of preliminary trial tests had
been conducted and based on the recommendatioaa Qi the tool and work piece
manufacturers, the cutting conditions of the maipegiments were established. Table 4.1

shows the Conditions of cutting experiments aceaydd Box—Behnken design.



Table 4.1:Condition of cutting experiments according to thexBBehken design
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Number of Cutting speed Feedrate Axial depth Radial depth
experiment (m/s) (mm/rev) (mm) (mm)
2 140 0.15 1 2
7 140 0.2 1 3.5
11 100 0.15 1 3.5
14 180 0.15 1 3.5
19 140 0.1 1 3.5
21 140 0.15 1 5
4 100 0.15 15 2
5 140 0.1 15 2
6 100 0.2 15 3.5
9 140 0.15 15 3.5
10 180 0.2 15 3.5
12 180 0.15 15 2
15 140 0.2 15 2
22 140 0.2 15 5
24 140 0.15 15 3.5
25 180 0.1 15 3.5
26 100 0.1 15 3.5
8 100 0.15 15 5
17 140 0.1 15 5
18 180 0.15 15 5
22 140 0.15 15 3.5
1 140 0.15 2 5
3 140 0.2 2 3.5
13 140 0.1 2 3.5
16 140 0.15 2 2
20 100 0.15 2 3.5
27 180 0.15 2 3.5

4.3.2 Test Work piece, Tool Material and Experimerdl Setup

The current study is mainly focus on the comparigbautting tool in the end milling
of modified AISI P20 tool steel that coated withlde inserts. Normally, AISI P20 is a
chromium-molybdenum alloyed steel which is congdeas a high speed steel used to
build moulds for plastic injection and zinc dietag, extrusion dies, blow moulds,
Thedified form of AISI P20 is
distinguished from normal P20 steel by the balamsdtur content (0.015%) which gives

forming tools and other structural components.

the steel better machinability and more uniformdhass in all dimensions. Modified AlSI
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P20 possesses a tensile strength of 1044MPa at teroperature and a hardness ranging
from 280 to 320 HB. The work piece used in thislgtwas pre hardened and tempered to a
minimum hardness of 300HB and was provided by ASSA#&eden). The approximate
chemical analysis is shown in Table 4.2 below.

Table 4.2:Chemical analysis of modified AISI P20 (%)

Composition Percentage
C 0.38
Si 0.3
Mn 15
Cr 1.9
Mo 0.15
S 0.015
Fe Balance

The cutting tool used in this study is alad-positive end milling cutter of 31.75mm
diameter. The end mill can be equipped with twaasgunserts whose all four edges can be
used for cutting. The tool inserts were made by néenetal and had an ISO catalogue
number of SPCB120308 (KC735M). In this study, oome inserts per one experiment was
mounted on the cutter. The insert had a squareeshagk rake angle of Oclearance angle
of 11°, and nose radius of 0.794mm and had no chip bre&Kk&735M inserts are coated
with a single layer of TiN. The coating is accompkd using PVD techniques to a
maximum of 0.004mm thickness. The 27 experiment®\werformed in a random manner
on HAAS CNC machining centre MX-45 VA and using tanslard coolant. Each
experiment was stopped after 85mm cutting lengtieamvhile, the data about cutting
power componentPy, was acquired with the aid of a piezoelectrictiogt power
dynamometer provided by Kistler. Each experimens wapeated three times using a new

cutting edge every time to obtain very accurateiregs of the cutting power. A cutting
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pass was conducted in such a way that a shoultidepth ranging from 1 to 2 mm, and
width of 2 to 5 mm, was produced.

4.4  RESULT AND DISCUSSION

After conducting the first passes which is equalthe 85mm of the 27 cutting
experiment, the cutting tools data of comparisofi e appear in the format of Box-
Behnken data.

From this data, analysis of comparison of cuttioigé, power, tool life and torque can
be discussed. The discussion of the comparisors il be made based on the table 4.2

that been shown:

Table 4.3: Comparison of data analysis for the cutting poviece, torque and tool life.

EXp.
_ _ Radial p Power | Exp. Exp.
Cutting Feed rate| Axial depth cutting _
Run depth calc | Torque| Tool life
speed(m/s) | (mm/rev) (mm) Force )
(mm) W) | (Nm) | (min)
(N)
2 140 0.15 1 2 190 342.23 10 8.23
7 140 0.2 1 3.5 240 443.33 13 2.43
11 100 0.15 1 35 293.33 316.67 16 17
14 180 0.15 1 3.5 325 510 13 3.94
19 140 0.1 1 3.5 210 256.67 8 16.39
21 140 0.15 1 5 200 525 16 4.33
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4 100 0.15 15 2 170 400 16 25.1
5 140 0.1 15 2 110 233.33 7 39.46
6 100 0.2 15 3.5 225 566.67 17 11.48
9 140 0.15 15 3.5 340 513.33 14 10.98
10 180 0.2 15 3.5 220 879.99 18 1.3
12 180 0.15 15 2 145 435 12 7.51
15 140 0.2 15 2 200 466.67 13 15.79
22 140 0.2 15 5 350 758.33 18 2.02
24 140 0.15 15 3.5 200 466.67 13 11.38
25 180 0.1 15 3.5 190 390 8 14.17
26 100 0.1 15 3.5 340 316.67 14 16.1b
8 100 0.15 15 5 100 566.67 22 18.7
17 140 0.1 15 5 190 490 14 19.43
18 180 0.15 15 5 340 720 15 3.46
22 140 0.15 15 3.5 350 466.67 18 8.5
1 140 0.15 2 5 146.67 816.67 20 6.88
3 140 0.2 2 3.5 190 816.67 23 3.79
13 140 0.1 2 3.5 200 | 466.67 13 13.36
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16 140 0.15 2 2 130 | 443.33 11 24.29
20 100 0.15 2 35| 240 | 566.67 23 18.7
27 180 0.15 2 3.5 | 313.33| 939.99 16 6.56

From the data analysis, the result that been preslithe tool life will be decrease
when the cutting force, power, and torque is insirga From the table at the run of 7, 6
and 18 shows, that the tool life will be decreasenmvthe cutting force, power and torque is
increasing. At that same time there is also sorseltreahows that the tool life will increase
when the cutting power, force and torque at ruh®f24, and 12. This type of result can be

appearing because of the changes of cutting sfestiyate, axial depth and radial depth.

When the value of cutting speed, radial depth aed frate is large, the result is tool
life will be decrease and other cutting tools Ww#l increasing. When the radial depth value
is at maximum value and the feed rate at minimutaeyahe tool life, power, and torque
will be increasing but the cutting speed will bemasing. This can be seen at the run of 8
that the radial depth has achieved at maximum vahtkthe feed rate is at the minimum

value.

Other than that, at the maximum value of cuttingesl the cutting force and power
will be increasing but the torque and tool lifelvaé decreasing. This result can be show in
the experiment run at 14 and 27. By this analykire are also result show the increasing

of power and torque at maximum value of the axegdtd.

4.4.1 Development of first order cutting model

Form the data analysis that been gain, the linqaateon that been produced show

different type of value for the four type of cugiitool in the changes of four variance.
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In the result of power, the linear equation thatrberoduced from the data analysis
show that feed rate has the most significant efféthe power. After that, it will be follow
by the axial depth, radial depth and cutting spdéus linear equation of the power show

that power will increase when the feed rate, adégdth, radial depth increase.

$=-971.420 + 2.37840x+ 2963.87% + 276.017% + 86.4506 (Eq
4.4)

For the cutting force, the linear equation shovedowill be at highest value when all
condition is increase expected cutting speed. therchand, the decrease in cutting speed

will slightly cause a reduction in cutting speetieTinear equation is:

¥ =-177.512 - 0.726x+ 1316.29x + 118.610x% + 38.87 (Eq 4.5)
The linear equation that gain for tool life showsattthe increase of cutting speed, the

feed rate, radial depth and axial depth will deseetine tool life. This equation also tells

that the feed rate has the most dominant effec¢heriool life. After that it will follow by

the cutting speed, radial depth and radial dephle. dquation will:

»=160.7101 -0.146229 -136.91%> + 3.54333%3 -3.64223%, (Eq 4.6)

The linear equation of the torque will show that tbrque value will be increasing at
the moment the speed decrease and other variandethavease. The equation also
predicted that torque will decrease at the maxinuaiue of cutting speed. The linear
equation that gain from the data analysis is:

¥ =-1.56481 -0.0543 +63.3333,+ 5.0000 +2.0006, (Eq 4.7)
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4.4.2 Development of Second Order Cutting Model

The second order equation was established to destirte effect of the four cutting
conditions investigated in this study on the cgttpower, torque, tool life and force. The
model that been obtained by using Box Behken defsign the model of equation, the will
be result been produced based on the normal piapabot of the Residual for the cutting.
It clearly show that predicted value of increasorgdecreasing of the cutting tools very

close to the experimental reading.

For the power, the equation show that the powenlu®s is affected significantly by
the cutting speed, feed rate. After that, it wallédw by the axial depth of cut and lastly will
be the radial depth. The equation that been pratlisce

¥" = 2080.01 — 17.2193% 3099.72% — 945.202% — 113.216x + 0.0357052x%?—
3315.17x5 + 146.298x5 + 2.55148x¢ + 29.9988xx, + 2.24987xX3 + 0.493042xX4
+ 1633.40%x3 + 116.633%x4 + 63.5233%X4 (Eq 4.8)
The cutting force will increase with the increaswigthe feed rate but decrease if the
cutting speed has been reduced. Other than blieaintrease of the axial depth of cut will
cause a reduction in the cutting force. the linegmation that been produced from this

experiment is :

§" = 182.562-3.82547%x+ 1773.99x -44.0012% . 11.6913x + 0.0108850%2 -
7016.80x2 -8.66600%3 -3.72200x¢ + 1.66625xx, -0.0833750x3 -0.02083xx4 +
700.000%X5+95.5533%x+27.2233%X4 (Eq 4.9)
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The cutting tool life equation shows that reductwamen there is increasing in cutting
speed and feed rate. It can clearly see in thaidieguation of this second model. Other
than that this equation also shows that axial dapthradial depth are direct proportional to

the cutting tool life. The equation is:

9" = 68.4198 - 0.107437x 351.300% + 34.0150% -14.6219% + 0.000226562% +
730.000%°> -7.63500%° + 1.89056% - 1.02500xx, + 0.0115000%s +
0.00979167x4+43.9000x%x3+20.866 7%X4-4.50333%X4 (Eq 4.10)

For the value of torque, the value will increaseewlthe cutting speed and feed rate at
high value. From this counter plot equation ofoset model, the result clearly predicted
that torque will increase at the increase of ther foutting variance. The equation of the

cutting tools is:

" = 17.0116 -0.314583% 79.1667x -4.00000% + 5.06481x + 0.000885417x%
633.333x2 + 1.66667x¢ -0.259259x2 + 0.875000y, -0.0500000xXs-
0.0125000xX4+50.0000x%3-6.666673%X4+1.0000%X4 (Eq 4.11)

From this second order of cutting model, the reshibw much accurate for the
increasing of cutting force, power and torque aedrélasing of cutting tool life at the same
time. Other than that, tool life is so accurateréase at the minimum value of cutting
speed and feed rate. But other cutting tools widréase at the maximum value of the

cutting speed and feed rate.



CHAPTER 5

CONCLUSION

5.1 CONCLUSION

First and second orders of Mathematic Model wereeldped to predict the cutting
parameter for end-milling of P20 tool steel. Thedeladeveloped was used to calculate the

cutting force, power, tool life and torque basedR@sponse Surface Methodology (RSM).

In general, the result that obtained from the Mathtcal Model is in good agreement with
that obtained from the experiment data’s. It fouhdt the feed rate, axial depth, radial
depth and cutting speed have played a major rot®aparison of the cutting tools. From
the result that been produced, the tool life shdesreasing at the moment the cutting
force, power, and torque are increasing. This shthas tool life always be difference

reaction with the other cutting tools (power, foezel torque).

In the second order cutting model has proven tmatdol life will be strong interaction to

the feed rate and the cutting force will be stramgraction to cutting speed. This can see
when the feed rate decrease, the tool life valse gétting large. Same goes to the cutting
speed that get increase at the time the cuttingefget increase. For the cutting power, the
cutting speed and the feed rate are straight sgnifly to the cutting power. Form the

counter plot of second order, it clearly shown ithereasing of the power when the speed
and feed rate increase. For torque, the increa$eedfrate and decrease of cutting speed

will get a large value for torque.

This project will help to make improvement in thétmng tools in future based on the input

parameter such like cutting speed, feed rate, aejpdh and radial depth.
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5.2 RECOMMENDATIONS

Further research should always consider the needldxibility for variation of
parameters in a machining operation, which will m#kis type of research more adaptable
to industry. Comparison which method gives moreueste mathematical model between
neural networks (NN), Taguchi method and responstace method (RSM) in term of
cutting power result in future study. It may alsclude comparisons of error in prediction
of cutting power by neural network (NN), Taguchithwd and response surface method
(RSM) and which one has great potential to be eyguldn predicting optimum cutting
parameter without needing extensive iterative ogttrials. The cutting tool used in this
study is a Olead-positive end milling cutter of 31.75mm diaerefThe effects of varying
the number of flutes or changing the cutter maleage worth further exploration. Another
study that can be further performed on milling gssccould possibly be a work that studies
the affects of different materials on the same sypkcutters. Being able to use different
materials in milling can be informative about thehbaviors of the cutters and differences in
ideal cutting parameters across different mater/&isminum and composite materials can
be candidates of material for the next study. Beeanf their different structures cutting
parameters might have different effects on cutpower. The geometries of the end mill
will be included as planned factors in future stsdyas to design the cutter and to decide
the optimum cutting conditions under the constsaoftthe maximum removal rate and the

minimum surface roughness.
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APPENDIX A

GANTT CHART OF FYP 1

Task WI| W2 W3 W4 |W5

Meeting with Supervisor

Project Planning

Defining the Project Information

Literature Review

Methodology Preparation

Draft Preparation

Submit Project Draft and Report.

Presentation Preparation

GANTT CHART OF FYP 2

Task

Literature Review

Prepare the Samples For Testing

Run the Experiment

Collect the Data and Perform the
Analysis

Make Result

Complete the Full Report

Presentation 2 Preparation

Submit the Final Report




APPENDIX B

56

cutting speed feed rate
StdOrder | RunOrder | PtType | Blocks (m/min) (mm/rev) axial depth (mm)
14 1 0 1 140 0.15 1.5
8 2 2 1 180 0.15 2
3 3 2 1 100 0.2 1.5
12 4 2 1 140 0.2 2
9 5 2 1 140 0.1 1
1 6 2 1 100 0.1 1.5
10 7 2 1 140 0.2 1
15 8 0 1 140 0.15 1.5
13 9 0 1 140 0.15 1.5
6 10 2 1 180 0.15 1
2 11 2 1 180 0.1 1.5
5 12 2 1 100 0.15 1
11 13 2 1 140 0.1 2
7 14 2 1 100 0.15 2
4 15 2 1 180 0.2 1.5

Figure A: Experiment data collection table
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Normal Probability Plot of the Residuals
(response is cutting force (N))
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Normal Probability Plot of the Residuals
(response is torque)
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Normal Probability Plot of the Residuals
(response is cutting force (N))
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Normal Probability Plot of the Residuals
(response is torque)
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APPENDIX D
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