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ABSTRACT

In manufacturing industry, surface quality of the materialy vienportant for certain
applications such as in aerospace industry. There are demands for grinding manufacturers
in aerospace industry to get good surface finish and tolerance requirements for aerospace
components such as wings to reduce the friction \waadr resistance. The grinding
process is the most suitable process to obtain a very good surface finish and accuracy.
The objectives of this research are to investigate and analyze the effects of grinding
process parameters on surface roughness of alumialloy 6061T6 (AA 6061-T6).

The machining parameters used in this research are the depth of cut, number of passes
and use of coolant. A full factorial experiment design was used as the approach for the
design of experiment. It was found that the surfacghness of aluminium alloy 6061

T6 decreased when the number of passes increased. Oppositely, surface roughness
increased when the depth of cut increased. Meanwhile the surface quality became

smoother when using the coolant in this project compared/tgrahding.



ABSTRAK

Dalam industri pembuatan, kualiti permukaan bagi sesuatu bahan sangat penting terutama
dalam sesetengah aplikasi seperti industri aeroangkasa. Terdapat permintaan dalam
industri aeroangkasa untuk pengelpangeliar pemipisan bagi mendapatkan kesan
permukaan yang baik dan rata serta memenuhi syarat toleransi untuk komponen
aeroangkasa seperti sayap kapal terbang iaitu untuk mengurangkan geseran dan
kehausan. Pemipisan adalah proses paling sesuai untuk mendagsitkdekemasan
permukaan yang sebenar dan dengan ketepatan. Olojejeitif untuk penyelidikan ini

adalah untuk mengetahui dan menganalisis kkesaan proses parameter pemipisan di
permukaan yang kasar bagi aluminium aloi 6061(AA 6061T6). Parameteseperti
kedalaman pemotongan, bilangan laluan pemipisan dan penggunaan pelincir akan
digunakan dalam penyelidikan ini. Satu kaedah faktorial telah digunakan dalam
eksperimen ini sebagai pendekatan rekabentuk ujikaji. la telah didapati bahawa kekasaran
pemukaan aluminium aloi 606I6 menjadi rendah apabila jumlah laluan pemipisan
bertambah. Kemudian sebaliknya, kekasaran permukaan pula akan bertambah apabila
kedalaman pemotongan semakin bertambah. Manakala, kualiti permukaan akan menjadi
lebih rata dan baiapabila menggunakan pelincir ketika proses pemipisan berbanding

tidak menggunakan pelicir iaitu kering.
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CHAPTER 1

INTRODUCTION

1.1 INTRODUCTION

Nowadays, the grinding process is widely used especially in mechanical
engineering field. The grinding process is the material removal and surface process to
shape the finish part of any materials example steel, alumialioys and the others. The
process of surface finish and precision from grinding process can be ten times better from
the other process example milling or turning process [1]. Besides that, the grinding
process can do in two ways which are in single stagaulti-pass grinding. The single
stage of grinding process gives the surface of work piece not smooth but when done with
the multipass grinding at certain depth of cut and number of passes the surface
roughness can be improved and better than beftverefore, the author chose the multi
pass grinding process for this project to get a good result of surface finish and by consider
some parameters. Then, the parameters considered consist of different depth of cut, use

coolant and without coolant also thember of passes.

The selection of material type also needed in this project. The author had decided
to use aluminium alloys as the work piece. The main reasons are because the aluminium
alloys are extensively use in engineering structures and have prapgrties of
behavior. Furthermore the aluminium alloys have several type series in the world which
are 1xxx until 7xxxseries Those aluminium alloys series very important to the certain
application examples the aluminium alloys 7075 that use for cmtistn of aircrafts
structures such as wings. Besides that, from all types 6000 series of aluminium alloys,
the 6061T6 is the most widely use in industry. The properties of aluminium alloy-6061

T6 are high strength, good surface finish, good toughnes=zllent in corrosion



resistance to atmospheric conditions and others. The example of applications are aircraft
and aerospace components, marine fittings transport, camera lenses, bicycle frames,

electrical fittings and connectors, brake components, saleeuplings and others. [2]

1.2 PROBLEM STATEMENT

Grinding is the most precise machining process that is used to improve surface
roughness of the work piece. It has tactile contact where when it touches the surface of
the object can feel the surfaceughness, waviness, texture and other scratches. The
single stage of grinding process will give bad results for the surface quality. So the author
needs to increase the number of passes to see the comparison of surface roughness than
single passedBesides that the effect of coolant very important because to reduce surface
cracking and subsurface damage. Therefore the author will use coolant and do dry
grinding to see the consequences. The suitable depth of cut is also needs because it can
affect the surfee texture been rougher and the surface is not shining. The results of

experiment must consider in different perspective of parameter to get accurate results.

1.3 OBJECTIVE

The objective of this project is to investigate and analyze the effectsratingyi

process parameters on surface roughness of Aluminium Alloy6661

1.4 SCOPE

1.4.1 To Study About Machine And Material.

This study focus based on grinding machine especially in 4pa#s method to

analyze the effect of the surface roughnessmaling number of passes increases. The

author had made a lot of research from books, journals and internet to achieve the
objective of this project. Besides that the author focuses on the effect to the surface



roughness of the grinding process when ddjome of the parameters example depth of
cut, using coolant and without coolant. Moreover, the author has learned about the
procedures to setup and run the grinding machine. The important things are the author
has known all the cautions when operategitieding machine to avoid from any injuries.

In spite of that, the study and the research of this project also include the material
chosen that is the aluminium alloy 66%6&. The author considered the properties and the
characteristic of this materiatbc ause it wusing as the authoros

1.4.2. To Design The Experiment.

For design of the experiment, the author will consider the grinding parameters
such as depth of cut (mm), number of passes of the-pads grinding (n), type of
coolant,cutting speed (m/s) and feed rate. The author will be grinded the work piece with
three levels number of cut passes 3, 6 @fat each experiment. Besides that, the depth
of cut also will use in three levelghich are0.1, 0.5and 1.0um each passédoreover
this experiment will be running under coolant and without coolant (dry grinding). The
cutting speed and the feed rate will be constant for all of this experiment whishmis 3
and ® mm/s.The design of experimerg using the approach of full factoriexperiment

design. Therefore the experimentsiwié conducting by 18 readings = {324).

1.4.3 Analysis The Data

For analyzing the data, it will see base on the surface roughness by adjusting the
parameters of the material example depth of cutjbar of passes and the others. Surface
roughness of the work piece will be measured with a tester device that called Mahr
Perthometer S2. It will represent the characteristic curves, profile diagrams and

measuring records as well as carrying out statisticalyses.



1.4.4 Interpreting The Data

All the data will be gathered after through the device of Mahr Perthometer S2 and
will be plotted in a graph based on depth of cut, passes of the grinding process with
coolant and without coolant and the valueswifface roughnes$he plotted graph will be
analyzedaccording to the relationship that proportional or inverse proportional base on
controlling the parameters and to see the pattern of the gidgeh.results will be
interpretedand perform the discussioAfter that the author will creatide conclusion
andstate if this project will achieve thabjectiveand successfuLastly, any result of the
experiment an not be as standardized for any manufacturing field amgl for

experimental used

1.5 ARRANGEMENT OF THESIS

1.5.1 Chapter1

Chepter 1 of this project is about the introduction of grinding process and
background of the project with the selection of parameters. Then it includes the problem
statement and objective concerning about the effecsudface roughness when use
different dimension for certain parameters selected. The scope of this project is to
describe about how experiment will be conducted from beginning until get the result. The
design flowchart of processes for this project preseateshown in figure 1.1. Besides
that, the development or work progress from final year project 1 and 2 had been shown in
table 1.1 and 1.2.



1.5.2 Chapter 2

Chapter2 is about the literature review that will focus on recent studies or
research byauthors related to the effect of grinding process parameters on surface
roughness of aluminium alloy 606% or approximately close to the titles of the project.
From this chapter, the author will get more knowledge and the results based on previous

reseaches and can predict the result for the project.
1.5.3 Chapter 3
Chapter 3 is about the methodology that will conduct for this process by the

design of experiment, setup of machine, selection of parameters, experiment layout and

others.

1.5.4 Chapter 4

Chapter 4is about the result that gets from this project due to surface roughness

when increasing the depth of cut, number of passes and effect surface roughness when

using coolant or without coolant.

1.5.5 Chapter 5

Chapter 5 is about the cduasion of this project from all the experiment

conducted and gets the results. This chapter also will summarize both the results and

objectives of the project.
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Table 1.1:Gant chart final year project 1

Num Work progress Week
11 |7/ [14/1 | 211 |28/1|11/2 | 18/2|25/2 [ 3/13 | 10/3 | 17/3 | 24/3| 31/3 | 7/4 | 14/4]| 21/4
1 2 3 4 5 6 7 |8 9 10 |11 |12 (13 |14 |15 |16
1 | Find source on material, grinding

machine, grinding parameters.

2 | Verify the title

3 Find journal egarding the title,
objective and problem statement.

4 | Verify the objectives and problem
statement

5 Discuss chapter 2 [literature review]

6 | Show the complete introduction
[chapter 1]

7 Make a summary on literature revie)

8 | Show the complete summary
literature review

9 Find source for methodology of
project [chapter 3]

10 | Show the complete of chapter 3

11 | Make the expecteasult and graph
[chapter 4]

12 | Complete the conclusion [chapter 5]

13 | Compile the report

14 | Submission report and proposal

15 | Start doing the slide presentation

16

Presetmation




Table 1.2:Gant chart final year project 2

Num Work progress Week
7/7 | 14/7 [ 21/7 [ 28/7 | 4/8 | 11/8 | 18/8|25/8 | 1/9 | 8/9 | 15/9 | 22/9| 29/9 | 6/10 | 13/10| 20/10
1 2 3 4 5 6 7 |8 9 10 (11 (12 |13 |14 |15 |16
1 | Cutting the work piece into 2 block

by bend saw

2 | Cut the work piece into -Tshape by
using milling machine

3 | Make four holes with drilling
machine

4 | Learn to use appropriate grinding
machine and Ma Perthometer S2

5 | Grinding machining according setu
parameters

7 Making graph, analysis and result
interpretation

8 Report Writing

9 | Complete all FYP 2 report and
compile

10 | FYP 2 Presentation

11 | Log Book and Report Submission




CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

Thealuminum alloy 606476 is available with own unique strength, hardness and
other mechanical propertieThe element consists of silicon (Si)-0.8 %, copper (Cu)
0.150.4 %, magnesium (Mg) 0.8.2 %, and chromium (Cr) 0.008.35%. [3]. It has a
good mechanical properties, weld ability, versatile structural alloy and high corrosion
resistance. Besiddkat, the aluminium alloy 60616 is three times lighter than steel and
have high strength when alloyed with the right process. Moreover aluminium alloy 6061
T6 is easy to cut and form. But the aluminum alloy 606lis a noAmagnetic material
because its not pure aluminium and combining by two, three or above substances [4].
The typical applications of aluminum alloy 6086 are automotive parts, rail and marine
transport, bridges, pipe flanges and the others.

The grinding process very important besauit is one of the complex
manufacturing processes with a large of variables that related each other. The geometry
influencing by many variables for example wheel characteristics ( wheel diameter, grit
type, size, grade and others ), machine charatitsrié spindle, table of motion and

others) and operating conditions(wheel speed, depth of cut, grinding fluid and others) [5].

2.2  MACHINING OF ALUMINIUM ALLOY 6061 -T6

There are a lot ofmachining process that may affect the surface roughness of
the work piece. The author had make the comparison according to the three types of

machining processes whielne milling, turning and grindingrocess



2.2.1 Effect Of CNC End Milling Process On 8rface Roughness Of Aluminium
Alloys 6061T6

Dr. Mike et. al.had investigated the case study about surface roughness prediction
technique for CNC end millingThe spindle speed is 750, 1000, 1250 and 1500
revolutions per minute (rpm) with three level the depth of cut which are 0.01, 0.03 and
0.05 inchs. After 84 specimens were cut for experiment, they were meastlneeoffith
stylus type profile meter to obtain the surface roughness valud,aRke 2.1 and figure
2.1 showshe data of results and the multipegressionine. Therefore they found mew
approach for finish surface prediction in end milling operations. For the conclusion, the
experimentation of predicting multiple regression model the surface roughness, Ra is
about 90 % accuracy. It means that the surface roughness, Ra could be&egredic
effectively by applying spindle speed, feed rate, depth of cut and their interactions in the

multiple regression models [6].

Table 2.1: Thedata of results from journal

No | Spindle Speed(rpm Feed Rate (rpm)| Depth of Cut(in) Ra (u in)
1 1000 18 0.01 138
2 1500 9 0.083 73
3 1250 6 0.01 50
4 750 24 0.03 170
5 1250 21 0.06 105
6 750 21 0.06 150
7 1250 21 0.01 125
8 1000 21 0.03 145
9 1250 9 0.01 79
10 1500 15 0.01 106
11 1000 6 0.03 78
12 750 18 0.06 121
13 1000 6 0.01 58
14 1000 12 0.06 92
15 1000 9 0.06 102
16 1250 24 0.01 155




17 750 9 0.06 95
18 1250 18 0.03 92
19 1500 12 0.01 88
20 1000 15 0.06 105
21 1250 24 0.03 109
22 750 18 0.01 185
23 1500 21 0.01 118
24 750 15 0.03 122
25 1000 24 0.03 153
26 1000 15 0.03 108
27 750 6 0.06 72
28 1500 9 0.01 34
29 750 9 0.01 109
30 1000 12 0.08 84
31 1000 6 0.05 62
32 1500 21 0.06 113
33 1250 12 0.01 101
34 1000 12 0.01 130
35 1250 18 0.06 95
36 750 9 0.03 99
37 1500 24 0.03 103
38 750 6 0.03 63
39 750 21 0.03 163
40 1500 24 0.01 119
41 1500 24 0.06 109
42 1250 9 0.03 81
43 750 6 0.01 65
44 1000 21 0.01 149
45 1250 18 0.01 115
46 750 12 0.03 102
47 1250 6 0.06 71
48 1250 15 0.03 96
49 1250 9 0.06 92
50 1250 6 0.03 63
51 1250 18 0.01 119
52 750 15 0.06 104
53 750 12 0.06 94
54 1500 6 0.01 37
55 1250 21 0.03 100
56 1000 24 0.01 163
57 1000 15 0.01 101
58 1250 12 0.06 85
59 1500 15 0.06 99
60 1500 18 0.06 104




20
Lo o
1604 -

1404
1204 Y

1004 I -

Measured Ra

20 oo
5 )
s \
a0

0 60 80 100 120 T140 7160 180 200 Z20
Predicted Ra

Figure 2.1: Scatter plobf measured Ra and the predicted Ra of the multiple
regression prediction model

The second authoiKhabeerywas investigated the millingroller burnishing
process. Milling roller burnishing is the one ofetlunconventional machining for
finishing process of aluminium alloy 6096. He hadto improve the surface integrity
means that reduce surface roughness, increase surface micro hardness and residual stress
The material is fromaluminium alloy 6064T6. As the conclusion when low burnishing

speeds and high depth penetrations, the surface becomes smdbthdrest surface

finish is produced when the number of passes is 30 4

2.2.2Effect Of Grinding Process OnSurface Roughness Of Copper And Zinc

Atzeni et.al, investigated the surface roughness after a grinding operation of an
innovative sintered friction material. The material is using from metallic matrix which is
copper and zinc.Parameter considerations are the cutting speed34.5n/s) and he
feed per grain (0.00.016 mm/rev) The result from this research wasem the table
speed increases the surface roughaéss will increaséut the wheel speed decreasing.

The surface rouglass get is in range 1.2768 um[8].



2.3 GRINDING OF ALUM INIUM ALLOY 6061-T6

2.3.1 Effect Of Multi -Pass Grinding To The Surface Rughness.

Bi Zhang et.al investigatedthe effect of stock removal rate and waplece
strength in multipass grinding of ceramicé said that whenthe number of passes in
grinding process increases, the stiffness also will incretisey found that the Is¢
stiffness when 9 passes with feed 2 um per pass. Then, they concludeth@tpasses

also gives the goosurface finish of the cerami¢g.

2.3.2 Effect Of Depth Of Cut To The Surface Roughness.

Kwak et al. had investigated the changes of depth of cut in grinding process.
They said that the maximum of the surface roughness increases proportionally to the
depth of cut but the centerline average height (Ra) changtteas$ipecially in the case
of the traverse speed of 1.46 m/miigure 22 shows the effect of depth cut on surface
roughness of the work piece which is measure along transverse diréagare 2.3
shows the surface roughness for depth of cut and wede [gpeedst tan conclude that
the centerline average height of the surface roughiedes different deths of cut and

traverse speeds [10].

TF  mwv=52rpmiRy,,)
o v =064 rpm (R,,) /,4-”

G AV=TErpm (Rl /
— " o
= - —
§ A T
; 5| ____,.—-"-:.__,.--"f --_-______.__
;” 4 /..x__r...f"f- ov =52 rpm (R}
= | o v =64 rpm (R;)
- AV =TE rpm (Ry) =
g =
pu §
@ 1F

15 20 25 k1 35 40
Depth of cut {um)

Figure 2.2: The graph surface roughness against depth of cut

when transverse speed 1.46 m/min



m f=1.18m/min
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Surface roughness R, (um)

Depth of cut {um}
{b) Workpiece spesd : B4rpm

Figure 2.3: The graph surface roughness against depth of cut

when work piece speed 64 rpm

2.3.3 Effect Of Coolant To The Surface Rughness.

N.R. Dhar et. alinvestigate the effect of high pressure coolant jet on grinding
temperature, chip angurface roughness in grinding. Materialusefrom AISI-1040
steel. The resultfor respect to the surface finish said thahigh-pressure otoolant
grinding it had extensively less surface roughness in compare to dry gritieg high
pressure coaht jet grinding it worked as efficient coolinggduce friction between the
tool work pieces, flashing the chips from the grinding zone, remove the adhesive chips

between the grits space of the whddl.



CHAPTER 3

METHODOLOGY

3.1 INTRODUCTION

The methodology is the one of the important part from this project. It needs a lot
of steps to achieving the research objectives. The methodology must fulfill the purposes
and objective of this project by knowing the properties of matehi@lgrinding machine,
design of experiment and others. So from this chapter we will get the data of experiment
and will use for analyzing objectively and practically due to experiment of the project.

3.2 MATERIAL

Aluminum alloy 6061T6 is use as the rexial for this project. It will be
investigating on effect of the surface roughness when do the grinding process. The
properties of mminum alloy from 6xxx (AA 60646) can be improved by furnace
solution heat treated quenched and furnace aged [2]able3.1 shows the composition

of aluminium alloy 6064T6.

Table 3.1: Typical compositionof aluminium alloy 6061T6 [2]

Components Aluminium Magnesium | Silicon Iron Copper
Amount (wt.%) | Balance 0.81.2 0.471 0.8 | Max. 0.7 0.150.40
Components Manganese | Titanium Zinc Chromium | Others
Amount (wt.%) | Max. 0.15 Max. 0.15 Max. 0.25] 0.040.35 0.05




Tables 3.2 below shows the physical properties of aluminium alloy-$661
according the density, melting point, modulus elasticity and poisons ratio. The density
about 2.7 g/crhwith melting point approximately 580°C. Then, the modulus elasticity
between 70 until 80 GPa and the poisons ratio is 0.33.

Table 32: Physical properties of aluminium alloys 6666 [2]

Physical Properties Value
Density 2.7 glemt
Melting point Approx 580°C

Modulus of elasticity| 70-80 GPa

Poissons ratio 0.33

Tables 3.3 shows the mechanical properties of aluminium alloy-866dase on
ultimate tensile strength, 0.2% proof stress, brinell hardness and elongation. The ultimate
tensile strength of aluminium alloy 604956 is between the ranges 260 uBtilO MPa

The value of hardness on this material base on brinell hardness analysis is 95 until 87.

Table 33: Mechanical Properties of aluminium alloys 6964 [2]

Mechanical Properties Value
Ultimate Tensile Strength 260-310MPa
0.2% Proof Stress 240276 MPa

Brinell Hardness (500kg load, 10mm ba 95-97
Elongation 50mm diaeter 9-13 %




3.3 GRINDING PROCESS

The grinding process a material removal process tagh surface speeds. The
process is similar to the face milling but actually it has a lot of different from each other.
The grinding process permits the achievement of a specific dimensional accuracy and
surface quality [12]. Then, the abrasive grainshie wheel of grinding are smaller than
amount of teeth of milling cutter [13]. The cutting speed in grinding is much higher than
milling process. It gives low of surface roughness means that better surface finish in
grinding process [13]. The grinding nimige use is horizontal spindle and table motion
can moves horizontal direction to form contour of flat surfaces. The author use
aluminium oxide as the grinding wheel for this process. The figure below shows the

grinding machine in FKM laboratory, UnivengiMalaysia Pahang:

[t

Figure 3.2: Operation panel
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Figure 3.3: Left side is hand wheel for manual movement of working table and

the right side is hand velel for feeding of saddle.

Figure 3.4: The working table, wheel head and coolant hose.

3.4 DESIGN OF EXPERIMENT
3.4.1 Selection Of Parameters

Table 3.4: Tableof experimental conditions

Num | Parameters Values
1 | Depth of cut 0.1, 0.5, and 1.0um eachgsas
2 | Numbers of passes 3, 6 and passes for each experiment.
3 | Coolant Using coolant and without coolant
4 | Type of grinding wheel Aluminium oxide
5 | Wheel speed 35 m/s
6 | Feed rate 50 mm/s




This project had been using two blocks of aluminiafioy 6061T6 with
dimension 100 mm in length, 100 mm in width and 64 mm in thickness presented in
figure 3.5 and 3.6 Thparameteof the wheel surface speed and feed rate was constant
for each experiment which was 35 m/s and 50 mm/s. Then, the depthveds using in
three level9.1, 0.5, and 1.0um each passEéBe surface roughness had been measured
when the number of passes 3, 6 and 9 passes for each experiment. The experiments had
been run under the coolant and without coolant means that dry grintire highly
effect on surface roughness had been seen between the two different ways in coolant

influences.

Figure 3.5: The material of aluminium 60616
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Figure 3.6: The dimension of blocks (100 x 100 x 64) mm




34.2 Experiment Design Layout

The grinding experiment was using thé fall factorial experiment design.

Therefore the experimental layout that be conducted was 18 experimefits 2)(3

Table 35: Table of exprimental layout

Number of | Depth of | Number Use of
experiments cut, of passes,| coolant Surface roughness, Ra um
Hm n 1% 2d 31 Average
1 0.1 3 ON
2 0.1 6 ON
3 0.1 9 ON
4 0.5 3 ON
5 0.5 6 ON
6 0.5 9 ON
7 1.0 3 ON
8 1.0 6 ON
9 1.0 9 ON
10 0.1 3 OFF
11 0.1 6 OFF
12 0.1 9 OFF
13 0.5 3 OFF
14 0.5 6 OFF
15 0.5 9 OFF
16 1.0 3 OFF
17 1.0 6 OFF
18 1.0 9 OFF




3.4.3 Conducting Experiment

The experiment had begun with cutting the 1 meter of aluminiday #061T6
into two blocks with dimension 100 mm in length, 100 mm in width and 64 mm in
thickness by using bend saw. Then, the work piece had been cut isihade by using
milling machine and drilled into four holes as describe in figure 3.7. Therautleds the
holes to clamp the work piece by screw with bolt diameter 8 mm on steel plate or
dynamometer device. The reason because the characteristic of aluminium alley66061
is nonmagnetic. So it needs another plate to stick on the magnetic tabledhgyr
machine. The experiment of grinding process had been start after finish all the setup of
machine and work piece with the dimensions and parameters that use according design of
experiment. The first experiment be grinded with depth of cut 0.1umafetidoy0.5 um,
and 1.0um each passe#th coolant and without coolant. The value of surface roughness
will measure when 3, 6 and 9 passes for each experiment. The table 3.5 filled up when
obtain the measure value of surface roughness using Mahr PerthSetevice.

Figure 3.7: The T-shape of work piece
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Figure 3.8: Top view of work piece with the dimension in millimeters (mm)
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Figure 3.10: The milling machine.



Figure 3.13: Themilling machine to make the-Bhape



Figure 3.14:shows when grinding process was rngn

35 MEASUREMENT AND RESULT

The measured values of surface roughness have been obtained from Mahr
Perthometer S2 device like figure 3.15. It is a high level of supply and service device that
not complicated to operate and handling. The level ofityuako high and the results in
nanometer range with high performance. The Mahr Perthometer S2 is a measuring device
for determine all surface roughness and waviness measurement according current
standard<DIN*, ISO* 12085, JIS*, and ASME*lt is low weicht and has large high
resolution graphics display to show of the results and profiles. It also has quick
documentation with integrate high resolution thermal printee Mahr Perthometer S2
is anergonomic design because enables to be used while sittistgraling. TheMahr
Perthometer Sallows the results perform in characteristic curves, profile diagrams and
measuring records also carrying out statistical analyses. If the drive unit uses a reference
surface, waviness measurement can be carried outpesfde parameter can be

determined (Pt, Wr, and W parameter).

A large, easy to read, graphic display, and a clearly arranged, robust touch
sensitive keyboard with a minimum of keys provide direct and transparent operation. The
background lighting can bswitched on for better visibility of the display. A warning

display indicates specials settings which normally do not occur in everyday measuring. In



programcontrolled operation, even unpractised user can work easily with the device.
Both complete measeiment records with characteristic curves and profile diagrams can
be printed as well as individual functions such as a single list or curve using an

integrated, graphicapable thermal printer.

Figure 3.15: Mahr Perthomete®2 device

3.6 SURFACE ROUGHNESS

Surface roughness is generally described using two methods: arithmetic mean
value and roemeansquare averagd.he arithmetic mean value §Rormerly identified
as AA for arithmetic average or CLA for centare averge) is based on the schematic
illustration of a rough surface, which in Fig. The arithmetic mean vahjés Refined as

Ra=a + b + ¢ + d +éé. . (1)

n
Source bySerope Kapakjian and Steven R. Schmind (2004

where all ordine e s , a, b, c, .é. .are absolute values,

rootmeansquare (R, formerly identified as RMS) is defined as

rg=A[al + bl <] c| + d| +&2)

n
Source bySerope Kapakjian and Steven R. Schmind (20D4)



The datum line in Fig..26is located so that the sum of the areas above the line is
equal to the sum of areas below time. The units generally used for surface roughness

areym( mi cr ometer, oOor micron) or €in. (microinc

Figure 3.16: Coordinates used faurface roughness measuremenudyng Eqgs.(1)
and (2). Courtesy: Serope Kapakj and Steven R. Schmind (2000) [14]

Besides that, the theoretical value of surface roughness can be obtained in the
range of value according to the surface rou
From the table 3.6 shows the roughness averagdifferent manufacturing processes in
micrometers and micro inches. The value is shown with a typical range and less frequent
range for grinding process. It shows that the average range value surface roughness for
grinding process is between 0.0 until 1.6 um. Besides that the value of surface

roughness those less frequent range are 0.025 pm until 0.05 pm and 3.2 pum until 6.3 pm.

TABLE 3.6: Surface roughnesstalfler om engi ne[@56s handboo

Average Range
Less Frequent Range

Unit(um) (6.3 |32 |1.6 |0.80|0.40 |0.20 [ 0.10 | 0.05 | 0.025
Grinding




Surface roughness is one of the most important parameters to determine quality of
machined parts. Many investigations have been performed to verify the relations between

surface roughness andtting parameters like cutting spe@epth of cut and the others.

3.7 ANALYSIS OF THE RESULT

Thedata had been analyze basedeffects odepth of cut, number of passes and
using coolant and without coolanoh surface roughness aluminium aloys 6061T6.

The graph hatdeenplottedby two graphs which were:

i) Graphvalue ofsurface roughnesf®aagainst number of passes, n. with coolant

and without coolant.

il) Graph value okurface roughnesfRaagainstdepth of cutDOC with coolant

and without coolant.

The data from &ch experiment had been inserietb Microsoft office excel and
make a graphThe pattern of graph had beesnalyzedaccording the parameters
considerations. Then, the autrmoncludel the results andummarizd the objective of

the project.



CHAPTER 4

RESULT AND DISCUSSION

41 INTRODUCTION

This chapter will mainly discuss about the experimental result and summarized all
the data of material aluminium alloy 60685 that has been grinding thithree levels of
depth of cut and number of passes also under uses of coolant. All the results that obtained
from the grinding process were recorded and analyze. For more systematic and precise of
the interpreting the result, the data had been transtbimte the table of results, graphs
and ANOVA analysis. Therefore, it much easier to interpret the effect of grinding process
parameters on surface roughness aluminium alloy-@@tefore any conclusion can be

made.

4.2 RESULTS OF EXPERIMENTS

According to the table of result 4.1 that obtained from this experiment, those
parameters consideration gives highly affect and relationship surface roughness with
variables for the work piece. The surface quality of material when use coolant (oil) much
better tlan using dry grinding. The table 4.1 was drawn based on two different levels of
lubricant, three different level of depth of cut and number of passes. The surface
roughness that obtained from the experi men
handbooktat shown in table 3. 6. T haveragergngemeer 0 s



value surface roughness for grinding process is betweemut@mtil 1.6 um. Moreover,
the value of surface roughness that gets from the experiments as shown in table 4.1 is in
that range which is 0.07@m until 0.971um. Therefore, it approve that these experiment

was successful and the value reliable.

Table 4.1:The resuls surface roughness whese coolant (oil) and without

coolant (dry grindiny

Number of | Depth of | Number Use of
experiments| cut, of passes, coolant Surface roughness, Ra pm
um n
1% 2" 39 | Average
1 0.1 3 ON 0.060 | 0.136 | 0.097 | 0.098
2 0.1 6 ON 0.090 | 0.090 | 0.093 0.091
3 0.1 9 ON 0.055 | 0.086 | 0.087 0.076
4 0.5 3 ON 0.114 | 0.107 | 0.113 0.111
5 0.5 6 ON 0.082 | 0.086 | 0.084 | 0.084
6 0.5 9 ON 0.073 | 0.075 | 0.077 0.075
7 1.0 3 ON 0.118 | 0.111 | 0.096 0.108
8 1.0 6 ON 0.113 | 0.101 | 0.107 0.107
9 1.0 9 ON 0.081 | 0.082 | 0.084 0.082
10 0.1 3 OFF 0.653 | 0.620 | 0.607 | 0.627
11 0.1 6 OFF 0.688 | 0.831 | 0.790 | 0.769
12 0.1 9 OFF 0.563 | 0.605 | 0.664 0.611
13 0.5 3 OFF 0.816 | 0.809 | 0.815 | 0.813
14 0.5 6 OFF 0.768 | 0.757 | 0.845 0.790
15 0.5 9 OFF 0.823 | 0.820 | 0.775 0.806
16 1.0 3 OFF 0.903 | 1.022 | 0.988 0.971
17 1.0 6 OFF 0.823 | 0.869 | 0.805 | 0.832
18 1.0 9 OFF 0.858 | 0.847 | 0.876 0.860




4.3 ANALYSIS GRAPH OF RESULTS
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Figure 4.1 Effect of umber of passes on surface roughness (with coolant)

Based on Figure 4.1, it shows that when the number of passes increases the value
of surface roughness are decreases. It means that when the pasdifferent levels of
depth of cut, all the value of surface roughness lower compared when the passes 3. It
strongly shows same like th&g Zhanget.al They found that the Ils¢ stiffness when 9
passes with feed 2 um per pass. Then, they concludeaithhat passes also gives the
goodsurface finish of the cerami¢3].

It is because the single grinding process can cut off large amounts of material and
still can produce better surface finish. But, when do the fpalis grinding the amount of
cut off can be a smaller and grind for repeatedly according number of passes. Hence,
increasing number of passes the surface quality also produce as desired finish. In
addition, the effect coolant also gives highly impact to this grinding process. It reduces
enggy consumed by sliding interactions occurring in the grinding zone. Therefore,
because of the temperature reducing the wheel life can be extending and save the cost.
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Figure 4.2: Effect of umber of passes on surface roughridsg grinding

Figure 4.2 shows the graph surface roughness versus number of passes for
without coolant. The graph was a little bit different from the graph before. This graph
shows when the number of passes increases, the graph of surface roughness seems like a
constant esgrially when the depth of cut Ogn and 0.1 umBut when the depth of cut
1.0, the graph slowly decreases when increases the number of passes for the experiment

running under dry grinding.

The pattern of graph is being like that because of the useslahto It is because
when the grinding process was running without the coolant, the surface contact with the
work piece not smooth. An interaction with the grinding wheel was increases than use oil.
The energy consumes by sliding interaction in the gngdione and temperature gives
higher. Therefore the value of surface roughness became higher and betwegmn®.627
until 0.971pum.
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Figure 4.3: Effect of depth of cubn surface roughness (with coolant)

Besides that, from figure 4.3 the graplowsis the surface roughness versus depth
of cut. As from the graph, the pattern of graph is linear and increasing. As an observation,
when the depth of cut increasing, the surface roughness also increasing. It is because
more force needed to grind when thepth of cut increase. So the value of surface
roughness increases as an affect of the grinding wheel and the touch of surface work

piece.

Besides that, to achieve a good surface finish small depth of cut needed. The
reasons are because the higher deptbubfcan contribute higher grinding force and
chatter reproduced when the grinding process. The increases of forces and chatter can
generated those grits of wheel actively involved in the material removal process during
grinding. So the surface quality l@@ne waviness and value of surface roughness higher

than use lower depth of cut.
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Figure 4.4: Effect of depth of cubn surface roughness (dry grinding

In this research, the graph from figure 4.4 shows the graph of surface
roughness versudepth of cut for without coolant. As observed, the value of surface
roughness increasing when the increasing of depth of cut. In spite of that, the graph also
linear but the slope for depth of cut Quin, 0.5um and 1.0um higher that figure 4.3.

Kwak etal also proves from his research that saidtlg&imum of the surface roughness

increases proportionally to the depth of.cut

The graph quite drastically increases because effect from dry grinding
gives the surface not smoothhd factors of grinding force and temperature also will
affect the quality of surface. The surface of work piece can feel a little bit rougher and

waviness than the work piece when using the oil.



4.4  ANALYSIS FOR VARIANCE (ANOVA) BY USING MINITAB
SOFTWARE

4.4.1 Introduction of ANOVA

The ANOVA is an amlysis of the variation present in an experiment.
In general, the purpose of analysis ANOVA is to test for significant differences lbetwee
meansThe ANOVA is based on hypothesis testing that the variation in an experiment is
no greater than due to nor mal variati on
measurement. A factor is an independent variable whose settings are ednarmad
varied by the experimenter. The intensity setting of factor is the level. Lenajsbe
guantitative numbers or, in many cases, simply "presehith is "1' or "not present”

whichis"0'or .20

For 1 way ANOVA, there is only one factwill be using to analyze the
effect of experiment. For thevlay ANOVA, the variables would be two. The possible

null hypotheses are:
1. There is no difference in the means of factor A
2. There is no difference in means of factor B

3. There is10 interaction between factors A and B

The alternative hypothesis for cases 1 and 2 is the means are not equal.

Then, the alternative hypothesis for case 3 is that there is an interaction between A and B.

For the 3way ANOVA in mans that it has 3 factors in the experiment. The main effects
are factors A, B and C. Thefactor interactions are: AB, AC, and BC. There is also a
threefactor interaction: ABC. For each of the seven cases the null hypothesis is the same:

there is no dference in means, and the alternative hypothesis is the means are not equal.

of



4.4.2 Analysis of ANOVA

For this experimentthe purpose of ANOVA is to know which process
parameters significantly affect to the surface roughnessndigg process. In this case,
the techniquesf anANOVA that have been used wegeneral linear modeTlhe general
linear model underlines most statistical analyses that used in applied and social research.
It is the foundation fothet-test Analysis of Variance (ANOVA) and many multivariate
methods including factor analysis and others. The value of average surface roughness and
the value of each parameter which are depth of cut, nassfgs and uses of coolant had
been inserted in MINITAB software. Then the results of the ANOVA are presented in
table 4.2 and 4.3. This table contains columns labeled "Source", "SS or Sum of Squares",
"df refers for degrees of freedom”, "MS refers for megquare”, "F or Fatio", and "R

value, probabilityo.

The degree of freedom is a set of n observations with a known mean, the
degrees of freedom - 1, since all but one could be changed with compensating change
only to one dber to produce the same me&um of squares the sum ofthe squared

deviations When scaled for the number of degrees of freedom, it becomgarthece

the sum of squares per degree of freeddorh.e 1A Ad j SSomeans an adj u:

sqguares. According to the table 4. 3, t he

adjustable by eliminate the value in total. Therh e A Ad | MSO6 means t he

MSO0 divided by degree of freedom.

The result can be analyzed wititdst and Rralue. The author chose the
P-value for the analysis of result ANOVA because th@aRie is much easier to
undestand and model factors to get computational accurate and specific result. The

guidelines ofP-value are if v al ue O 0.01, it shows that

significant. Then, if Rralue > 0.01but® al ue O 0. 0, it means that

\

significant. ButifPv al ue O 0. 10, It shows that the diff


http://www.socialresearchmethods.net/kb/stat_t.php
http://www.answers.com/topic/squared-deviations
http://www.answers.com/topic/squared-deviations
http://www.answers.com/topic/variance-1

Table 4.2: List of variables types of component.

Factor Type Levels Values
Depth of cutpm Fixed 3 0.1,0.5,1.0
Number of passes, n Fixed 3 3,6,9
With or without coolant Fixed 2 1,2
*1&2refers to: with coolant Al1l0 and without

* General Linear Model: Surface roughness versus Depth of Cut, Number of passes.

Table 4.3: Result from ANOVA analysis

Source DF Seq SS Adj SS Adj MS F P
Depth of cut, 2 0.04005 | 0.04005 0.02002 4.24 0.040
pm

Number of 2 0.00429 0.00429 0.00215 0.45 0.645

passes, n

With or without 1 2.16833 2.16833 2.16833 459.11 0.000
coolant

Error 12 0.05667 0.05667 0.00472

Total 17 2.26935




4.4.3

Discussion of ANOVA

According to the Table 4,3he ANOVA analysis can be discussed that:

1)

2)

3)

The Rvalue of parametarses of coolans 0.000 therefore it is highly significant

to the surface roughneds.is because the effect of coolant really contributes the
effect of surface roughness. If uge tcoolant either oil, water base or any coolant
the value of surface roughness lower. But when do the grinding process in dry
grinding the value of surface roughness higher and surface quality not sihooth.

is because in occurring of the grinding zonéew the uses of coolant there can
reduce energy consumed by sliding interactions. Therefore, the temperature of
work piece and grinding wheel also reducing and the consequences the wheel life
can be extending and save the cost.

The Rvalue of paramet depth of cut is 0.040 and it means diepth of cuigive
significant to the surface roughness but not stronglthough from that, the

depth of cut still can influence the surface roughness in grinding process. The
reasons are because the higher depttut can contribute higher grinding force

and chatter. The increases of forces and chatter can generated those grits of
grinding wheel actively involved surface penetrates through the work piece that
the stock removal rate increases as it penetratesede®p the surface quality
became waviness and value of surface roughness higher than use lower depth of

cut.

The Rvalue of parameter number of passes is 0.645. It means that the number of
passes not significant for the surface roughné&€bke. rumber of passes in this
analysis shows not significant because there have another two other parameters

that gives highly affect to surface roughness. But from the analysis of graphs it



shows that there still have the effects for the number of pdssebecause refers

to the figure 4.1, the effect of number of passes on surface roughness (with
coolant) the graphs shows when increases the number of passes the surface
roughness have been decreafiesieans that when the passes 9 for any depth of
cut, allthe value of surface roughness lower compared when the passesce,

increasing number of passes the surface quality also produce as desired finish.



CHAPTER 5

CONCLUSION

5.1 INTRODUCTION

This chapter is abawsummarization from the expected results and objectives of
research. The data results that obtain from the experiment will compare to the result with
other previous research studied. The theoretical review may be used as guidelines when
interpreting and @mparing the results. The final conclusion for these studies will be

compiled and listed in a more systematic and organized ways of presentation.
5.2 CONCLUSIONS

As a conclusion, this experiment satisfies the objective and problem statement of this
project which is to investigate and analyze the effects on surface roughness gfassilti

grinding process parameter of Aluminium Alloy 606@.

i) Experiments conducted with coolant produces a good surface quality and a low value
of surface roughness tharperiments conduetl without the coolar(tiry grinding)

i) The depth of cut will influence the surface quality, when the depth of cut increases the

surface roughness increases.

i) Based on observation and data collected it shows that the sumizaiéy of

aluminium alloy 6064T6 will become smoother when thember of passes increases



5.3 RECOMMENDATION FOR THE FUTURE RESEARCH

From the conclusion that given, some recommendation for further research
can be do for investigatend analyze the effect of grinding process parameters on surface
roughness of aluminium alloy 606TI6. First, the author suggests that the parameters
wi || change into cutting speed. According
surface roughneswill decrease when the cutting speed increase. Second, the other
parameter than can affect for the surface roughness is the feed rate. The surface quality
decreases when the feed rate increases according to the some research. However, it
depends on theegire of surface quality needed especially for the product example lenses
of camera or spectacles it needs really good surface quality from the grinding process.
The third recommendation is the selection of material. As known, the characteristics of
aluminum alloy 6061T6 are nonmagnetic. Therefore the material can be change into
steel. It is because the characteristic of steel ismagnetic to the table of grinding
machine. It much easier to clamp and no need any other medium to clamp the work piece.
Then, if these three parameters which is cutting speed ,feed rate and the material will be
consider, the other parameters like the depth of cut, the number of passes, type of coolant

can be a constant to see the good of surface quality and lower of satfgbaess.

S
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APPENDIX A
GRAPHS

GRAPH OF SURFACE ROUGHNESS AGAINST NUMBER OF PASSES
(WITH COOLANT)
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GRAPH OF SURFACE ROUGHNESS AGAINST DEPTH OF CUT
(WITH COOLANT)
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These graphs to show more specifically and clearly according each parameter that
considered in this experiment the effect of grinding process parameters on surface

roughness aluminium alloy 60616

Graph surface roughness versus Number of pass@sith coolant)
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Graph surface roughness versus Number of pass@sith out coolant)
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Graph surface roughness versuBepth of cut (with coolant)
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Graph surface roughness versuBepth of cut (with out coolant)



