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Abstract

This study examines the fracture point of aluminum alloy samples using multiple parameters
conducting tensile test. Suitable base material is selected on the basis of previous studies and
tensile test carried on each sample according the Taguchi design of experiments (DOE)using
Minitab software. This study also includes the EDS test results which shows the different
spectrums and elemental classification of the base material. Double notched specimen was used for
examination. Different diameters of holes were designed on each sample according to design of

experiment(DOE) so their effect on fracture point and strength can been analyze.

Keywords: Aluminum 1050/T6,EDS Elemental analysis, DOE Taguchi Technique, ASTM
Standard, EDM wire cut, CNC machining, blunt notch, tensile testing, UTS value, ANOVA.

Vi



Table of Contents

DCIATATION. .. .t bbbt ere s i
Plagiarism Certificate (TUurnitin REPOIT) ... i
CoPYIIgNT STATEMENT ..ot ii
ACKNOWIEAGEMENTS ...ttt re e e e sreeee s iv
N ] 1 - Uo! RSSO TRORRRN vi
QLI o] (o) 0] =] o | OSSR i
I TS o) B T U TSP iX
LiST OF TaDIES....eceeiecee e X
NOMENCIATUI .t tiuiniitiniiietniiierntetteenreseesasssssnsessssnsesssssssssssassssssnssssssnss xi
CHAPTER 1: INTRODUCTION .....ooiiiitieeicieese et 1
1.1 OVEIVIBW ..ottt ettt b e bbbt b et e et bbb e e b e e st eneeneas 1
N O o) 1< o] | TSP 02
1.3 Approach 1ead t0 analySiS........cccooiiiiiiiiiiieiee e 02
CHAPTER 2: COMPOSITION AND EDS TESTING OF MATERIAL............ 04
2.1 Chracteristics of Aluminium 1050...........cooiiiiiiii e 04
2.2 Mechanical Properties. .......oovineiiiii e e 04
2.3 Physical PrOperties. ... ..ot 04
2.4 EDS Testing and Results...........oooiiiiiiiiii 05
O R T 411 VS P 05
24,2 RESUILS. ..ttt e 05

CHAPTER 3: DESIGNING, MACHINING AND TESTING OF SAMPLES.....07

B L DS gN . ettt 07
3.2 DOE and Parameters. .. ....ouit ittt et ettt e e 08
3.2.1 Steps involved in Taguchi DOE technique............ccooiiiiiiiiiiiiieen, 08
3.2.2 Parameters used for DOE. ........o.oiiiiii e 09
3.2.3 Orthogonal Array Selection..... ..o e 09
3.3 Machining and creatingthe holes. ..., 10

3.4 Testing Of SAMPIES. ..o 15



CHAPTER 4: RESULTS AND DISCUSSION...cccttitiiiiiieineiniieiiecnecnenin. 18

4.1 TestiNg RESUILS. ... 18
A.1.1 SaMPIE L. 19
A.1.2 SamPLe 2. .o 21
413 SamMPIE 3. e 23
414 SampPle 4. ... 25
41,5 Sample 5. .o 27
4.1.6 SAMPILE 6.0 29
417 SAMPLE 7. 31
4.1.8 Sample 8. .o 33
4.1.9 Sample 0. ..o 35
4.2 Breaking of Samples. ... 36
4.3 Analysis of Variable (ANOVA). ... ..o, 37
4.3 1 Main Effect PIOt. ... 38

4.3.2 BeSt ANA WWOIST. ..ottt e e e e e eeeeeeee e e e e e seeerrnaaeeaeenn 39

CHAPTER 5: DISCUSSION AND CONCLUSION..cccietieieiiieinrnrcecnsennnnns 40
5.1 Discussion and COMPAIiSON. .. .. .oueiuiitit ittt et e 40
5.2 CONCIUSION. ... ettt e e e 41



List of Figures

Figure 2.1: Spectrum 1 of Aluminum 1050, ... ... 05
Figure 2.2: Spectrum 2 of AIuMInUmM 1050, ... ..ot e 06
Figure 3.1 : Dimension of base Sample. ... 7
Figure 3.2 : EDM machining parameter of sample. ... 12
Figure 3.3 : EDM machine creating NOtChES. ..o e 12
Figure 3.4: Design of samples according to ASTM Standard..............coooiiiiiiiiiiiii e 13
Figure 3.5 1 Actual View Of SAMPIES. .. ..o 14
Figure 3.6 : Tensile 10ading COMCEPT. ... ..ottt e e e e et e et aees 15
Figure 3.7 Hydraulic jaws holding Sample............o.iniiiiniii e 17
Figure 3.8: Side view of Sample While teSting..........ooiiiir i 17
Figure 3.9: Computer generating graphical TeSUILS. ..........o.ouitiiniii e 17
Figure 4.1 : Tensile Testing result of Sample 1. ... 19
Figure 4.2 :Tensile Testing result of Sample 2. . .. .o e 21
Figure 4.3 : Tensile Testing result of Sample 3. . ... 23
Figure 4.4 :Tensile Testing result of Sample 4. . ... e 25
Figure 4.5 : Tensile Testing result of Sample 5. . ... e 27
Figure 4.6 : Tensile Testing result of Sample B. . ... ... e 29
Figure 4.7 : Tensile Testing result of Sample 7. . .. ..o 31
Figure 4.8 : Tensile Testing result of Sample 8. . ... ..o e 33
Figure 4.9 : Tensile Testing result of Sample 9. . ... ..o 35
Figure 4.10 : Breaking of Samples after Tensile testing. . ..........ccoiiiiiiii e 36
Figure 4.11: Main EFfeCt PIOL. ... .o e e e e e e 38



List of Tables

Table 2-1: Mechanical Properties of Aluminum 1050..........oiiirir e 04
Table 2-2 : Physical Properties of Aluminum 1050/T6...... ..ottt 04
Table 2-3: Parameters fOr EDS tEStING. ......vuvititii ittt e et ettt 05
Table 2-4 : Elemental classification of Aluminum 1050.......... .ot 06
Table 3-1 : Process parameters for DOE. ... ..ot e e e e 09
Table 3-2 : Selection of an orthogonal Array. ... ..o 09
Table 3-3: LI OrthOgonal @rTay. .......cuieiiiiit it e e e et et e e 10
Table 3-4 :CNC mMachining Parameters. .........o.iii i e 11
Table 3-5: EDM MacChining Parameters. .. ...o.irrieieii ettt e et ettt et et e a e e e e e e aa e 11
Table 4-1: Factors and RESPONSE VAIUES. ... ...uinite et e e et e eae e aaas 37
Table 4-2: ANOVA TESUIES. ... oeti e 38



Nomenclature

Symbol Abbreviation Symbol Abbreviation
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CHAPTER 1:
INTRODUCTION

1.1 Overview :

Fracture point and crack initiation behavior is evaluated in order to prevent the early failure of
machine parts, for examples ships and aero planes parts are designed after focusing the crack
initiation. It is very important for the maintenance, reliability of machine elements and for the
strength of materials.

Various methods has been used for examining the fracture point and crack propagation by
researchers [1-5] like method of arresting crack propagation by drilling holes at crack tips [1-3],
cold working methods [6-8], and brinell-type indentation to retard the crack propagation [9-10].

In this study the fracture point and timing of failure due to different set of parameters has been
examined. Necessary set of parameters are required to reliability for machine elements and crack
arresting has been examined using the tensile testing techniques.

Several set of parameters were selected as input and Taguchi DOE (Design of
experiment) was used for experiment. According to Design of Experiments, samples were

designed for further testing which is discussed below in the Design and Machining chapter.

Aluminum 1050/T6 alloy has been chosen for the experiment as base material because it
is widely used in commercial area like ship and marine machine elements, lamp reflectors, cable
sheathing, architectural flashing, food industry containers and in many more fields because it is
known for the excellent resistance to corrosion and It has high ductility and highly reflective
finishing. It contains comparatively low mechanical strength than more significantly alloyed

metals. It can be strengthened only by cold working.



1.2 Objectives:

My research work includes

» To analyze the elemental classification of material conducting EDS test.

» To examine the fracture point of material and timing of failure of sample due to
crack towards the different arrangement holes.

» To examine a set of parameters, which are reliable for machine elements and crack

propagation.
1.3 Approach lead to analysis:

A desired result of an experiment needs a reasoning approach. Approach used in this study is given

below at a glance.

According to this approach to conduct an experiment, there were core phases like
conducting EDS test of material to analyze the elemental classification of material. EDS test was
conducted in USP CASEN, NUST.

Similarly getting design of experiment using Taguchi method. For that purpose, Minitab
software was used with different parameter as input and got the Design of Experiment (DOE)
which contains an orthogonal L9 array to describe the set of experiment, which describes that, nine

samples will be required for the examining the effect of all parameters and differentiating as well.

After that, designing phase was started in which Nine samples were machined according to
the ASTM international standard for designating each set of parameters on different samples.
Samples were sliced from a plain square sheet of aluminum having thickness of 3 mm using CNC

machine in BZU Multan at constant parameters (Spindle speed, feed rate and depth of cut).

After that, notches were made using EDM machine in the MRC-NUST keeping constant
parameters (Pulse on time, Pulse off time, Current and wire speed) and then holes were designed
according to Design of Experiment as described in orthogonal array got by Taguchi approach using
Minitab software.



After designing all samples according to Design of Experiment, Tensile testing was
conducted on Universal testing machine in SCME-NUST keeping the testing parameter constant
(strain rate and gauge length) in order to compare the Fracture point, Strength and crack
information about each sample. After getting results, ANOVA was performed keeping the UTS as

response value and best set of parameters and worst set of parameters was analyzed.

After Analysis of variable and comparing with each other, this study eventually came to
conclusion about which set of parameter is effective regarding fracture point and reliability for a
sample.

Below given each chapter contain core information about each step of used approach.



CHAPTER 2:
COMPOSITION AND EDS TESTING OF MATERIAL

2.1 Characteristics of Aluminum 1050/T6:

Aluminum 1050/T6 is very commonly used in the industrial sector usually formed by
extrusion or rolling. It is used in chemical and electric field because it has high electrical
conductivity, corrosion resistance, and workability. It is also used for the manufacturing of heat
sinks because it has a higher thermal conductivity than other alloys. It is used in commercial sector

because it has low mechanical strength compared to other metals.
2.2 Mechanical Properties:

Table 2-1: Mechanical Properties of Aluminum 1050/T6.

Proof Strength 85 MPa
Tensile Strength 100 MPa
Elongation 12%
Shear Strength 60 MPa
Hardness Vickers 30 HV

2.3 Physical Properties:

Table 2-2: Physical Properties of Aluminum 1050/T6.

Density 2.71 Kg/m®
Melting Point 650 °C
Thermal Expansion 24 x 10°° /K
Modulus of Elasticity 71 GPa
Thermal Conductivity 222WIim.K
Electrical Resistivity 0.0282 x 10° Q .m




2.4 EDS Testing and Results:

2.4.1 Testing:

Firstly, EDS test was conducted to analyze the elemental classification of Test material. The
test was conducted at the USP CASEN in National institute of science and technology using

following devices:

e SE detector for imaging in SEM.
e Vega 3 (LMU) TESCAN.

e EDS detector instrument,(x-act) PantaFetPria.
Table 2-3 describe the parameters, used for the conducting of EDS test:

Table 2-3: Parameters for EDS testing.

Parameter Value
WD 15mm
HV 20kv
Bl 11
Spot size 1mm

2.4.2 Results:

Figure 2.1 and Figure 2.2 describe the spectrum of Aluminum 1050 generated by EDS scanning.

1] 2 4 [ ] 10 12 14 16 18 20|
Full Scale 28799 cts Cursor: 0.000 ke’

Figure 2.1: Spectrum of Aluminum 1050.



Spectrum

1mm Electron Image 1

Figure 2.2: Spectrum of Aluminum 1050.

Following table describe the elemental classification of aluminum alloy analyzed by EDS test.

Table 2-4: Elemental classification of Aluminum 1050.

Element Weight % Atomic %
C 14.83 27.61
@] 3.82 5.34
Mg 0.48 0.44
Al 79.37 65.77
Si 0.58 0.46
K 0.09 0.05
Fe 0.84 0.34
Total 100 100




CHAPTER 3
DESIGNING, MACHINING AND TESTING OF SAMPLES

3.1 Design:

As It is stated that this work is on the basis of the research paper [11] in which aluminum
was used to examine the fracture point and crack arresting using fatigue testing machine. In this
study same approach was used, but it is examined by conducting tensile test using “Universal
Testing machine” in SCME-NUST. Double sided notch specimen was used and different
arrangement of holes were created according the “Design of Experiment” which obtained using

multiple parameters as input in Minitab software by applying Taguchi approach.

According to the ASTM international, (American society for testing and materials) the
samples have been designed with the help of CNC milling machine in BZU Multan.

Length of the specimen is 190 mm, width is 25 mm and thickness is 3mm, U shaped Notch height
of 5mm with 0-degree angle and 1mm radius is created at the center of the longitudinal sides of the
specimen. All the dimensions were according to the ASTM international, (American System of

Testing and Materials).

Figure 3-1 shows the base specimen.

Figure 3-1: Dimension of base sample.



3.2 DOE and Parameters:

Taguchi approach was applied to investigate the effect of multiple parameters. Taguchi
method has been widely used in engineering analysis. It is a powerful tool to design a high quality
system. It employs a special design of orthogonal array in order to investigate the effect of
complete parameters. By using Taguchi method, time and number of conducting experiment are
significantly reduced and it is effective to investigate the effects of multiple parameters in the

experiment.
3.2.1 Steps involved in Taguchi DOE technique:
Basic Steps that were involved in Taguchi DOE technique are:

1-Determination of the quality characteristic and our objective function which was “Sample with
highest UTS value”.

2-1dentifying the control factors and their alternative levels:

e Horizontal distance of hole from notch (x)
e Vertical distance of hole from notch (y)

e Different diameters of hole.(d)
3-ldentifying the noise factors and test conditions:

e Experimentation Condition.

e Operator skills.
Step 4- Orthogonal array selection

e L9 array has been used to satisfy this step.
Step 5 -Conduct Experimentation:

e Experiments are performed as per orthogonal array



3.2.2 Parameters used for DOE:
Following parameter were used as input to obtain DOE.

» X (horizontal distance from center of hole to notch),
» Y (vertical distance from center of hole to notch).
» D (Diameter of the hole).

Three parameters were used with three sub levels of above given parameters. Table 3-1 describes

the parameters with sub level.

Table 3-1: Input parameters for DOE

Factor Level 1 Level 2 Level 3
X (mm) 5 10 15
Y (mm) -1.5 0 1.5
D (mm) 2 4 6

3.2.3 Orthogonal Array Selection:
The minimum number of experiments to be conducted is to be fixed based on the table below:

Table 3-2: Selection of an orthogonal Array.

L4 L4 L8 L8 L8 L8 L12 L12 L12

L18 L18 L18 L18 L27 L27

L16 L16 Li6 Lle L32 L32 L32 L32 L32

L25 L25 L25 L25 L25 L50 L50 LS50 LS50



According to literature review :
DOF = P*(L - 1)

e DOF = degree of freedom
e P =number of factors =3

e L =number of levels =3
(DOFR=3(3-1)=6

As the total DOF of the orthogonal array should be equal or greater than the total DOF required for
the experiment. Thus L9 orthogonal array was selected to perform the experiments, which is
described in Table 3-3.

Table 3-3: L9 orthogonal array.

Sr No. X (mm) Y (mm) D(mm)
1 5 -1.5 2
2 5 0.0 4
3 ) 1.5 6
4 10 -1.5 4
5 10 0.0 6
6 10 1.5 2
7 15 -15 6
8 15 0.0 2
9 15 1.5 4

3.3 Machining and creating the holes:

CNC machine was used to machine the outer boundary of the samples keeping constant parameters.

Table 3-4 describe the parameters for CNC machining.

10



Table 3-4 :CNC machining parameters.

Parameters Value
Spindle speed 2000 rpm
Cutting feed 200mm/min
Depth of cut 1.0 mm

The fracture properties of any material can be determined by using blunt notch or sharp

crack at the tip of the notch. When we used blunt notch, the crack initiation energies are higher but

when a sharp notch is used, the energy necessary to initiate a crack is small. In a blunt notch case,

both crazing and shear yielding mechanisms may operate simultaneously. This study focused the

blunt notched specimen.

After machining the base samples according to the ASTM E8/E8M 16-a [12] double notches of

5mmwere created using the EDM wire cut in Manufacturing resource center (NUST).Machine used
was JIANGSU SANXING MACHINERY model DK77- 32AZ having table travel of 320x400mm

which used molybdenum wire having the diameter of 0.1mm. All the machine parameters were

constant. Table 3-5 describe the parameters used in the EDM.

Table 3-5: EDM machining parameters.

Parameters Value
Pulse on 16 psec
Pulse off 8 pusec
Current 2A.

Wire speed 50.

11




Figures 3.2 and 3.3 show the working on EDM wire cutting machine.
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Figure 3.2: Parameters of EDM for creating notches

Figure 3.3: EDM creating notches

12



After creating the notches on both sides of the specimens, holes were created in MRC, NUST

according to Design of experiments.

After making the samples, each sample has been designated with unique sample name, i-e (sample

1,2,3,4,5....) so it can be further convenient to differentiate after the tensile test.
According to ASTM international, E8/E8 M, 16-A dimensions of specimen are following:

e G-Gauge length= 50 mm.

e W-Width=15mm

e C-Width of Grip section =25mm
e B-Length of Grip Section =75mm

e T-Thickness= 3mm

Figure 3.4 shows the specimen according to ASTM Standard.
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Figure 3.4: Specimen according to ASTM standard

Figure 3.5 shows the actual view of samples. These samples were made after multiple steps of
machining, which were discussed before. All samples have their unique name so it can be further

differentiate in order to conclude our result.

13



Figure 3.5: Actual view of samples
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3.4 Testing of samples:

Tensile test is one of the most fundamental and common types of mechanical testing. A tensile
test applies tensile (pulling) force to a material and measures the specimen’s response to the stress.

By doing this, tensile tests determine how strong a material is, its fracture point and ductility level.

Tensile test of the samples was conducted on the floor model Universal testing machine.
Machine used was SHIMAZDU AG-X Plus having maximum load capacity is 20KN,by keeping
the gauge length of 50 mm for each sample and strain rate of 1mm/sec on each sample, so result
can be differentiable. Samples had been set vertically in both hydraulic jaws of the machine and
test was conducted according to above given parameters keeping the force and position value at

Zero.

Following is the pictorial view of the sample on which tensile forces are exerted.
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Figure 3.6 :Tensile loading concept

As test started, upper hydraulic jaw of the machine started expanding and lower jaws of the
machine stayed at rest exerting a tensile force on the specimen and consequently force and position
values were gradually increasing and presenting in the digital panels. Graph was gradually

generated on the screen of the computer equipped with the Universal testing machine.

15



Computer screen also displayed the value of Stress, Strain, Force, Time and Displacement

value of samples which were continuously varying till complete fracture.
The graph on the computer screen presented following specification of each sample:

Maximum force calculation.
Maximum stress calculation.
Maximum displacement value.
Maximum time.

Maximum strain calculation.
Break force sensitivity.

Break strain sensitivity.

Break stress sensitivity.

Break displacement sensitivity.

YV V.V V V V V V VYV VY

Break time sensitivity.

As the force was applying on the samples, above given values of each sample were
gradually recording according to the strength of sample. Each value is mentioned in the cells,
designed on the graphical result sheet. Values of above given parameters are unique for each
sample. On the basis of above given values, results were compared and analyzed the best
sample regarding the fracture point, strength and crack propagation.

16



Layout of testing of materials is given below:
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Figure 3.9: Computer generating graphical result
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CHAPTER 4:
RESULTS AND DISCUSSION

4.1 Testing Results:

The result of testing is a graph of stress (load on y-axis) vs strain (amount of displacement on x-
axis). Amount of load needed to stretch or change the material depends on the size of the material

and of course the properties of the material.

Tensile specimens were loaded into the mechanical load frame and pulled at constant cross head
speeds. It carried 2 to 3 minutes to fracture each sample completely and to developing a visual
representation. Universal testing machine tested each sample very effectively and presented graphic
base result accurately with showing value of multiple parameters like stress, strain, force, time,
break time, break force, break sensitivity, stress sensitivity and strain sensitivity. After getting
results and graphs, it was noticed that every parameter of each sample is varying and due to these

values and graphical view, result has been concluded.

There are nine graphical result sheets, Each graphical result shows the unique name of sample on
the left top corner, so it can be easily recognize. Figures below present the graphical result of each

samples developed by Universal testing machine expressing the core values of the sample.

18



4.1.1 Sample 1:

Key Word Product Namea
Method File of aluminium
Tast File Marme 1.xtak Method File Mame 1050.xmak
Report Data /23,2019 Test Date 1/23,2019
Tazt Made Singla Test Type Tansila
Spaad 1w mnin Shapa Plata
Mo of Batches: | Gty Batch: i
Mams= Max Force Max_Strass Max_Disp. Max_Strain
P Cale. at Entire Cale. at Entira Cale. at Entira Cale. at Entira
RmSLars BAraas Araas Araas BAraas
Unit H M./ rm 2 mim %
1_1 B002 55 106.701 265960 265960
Mama Max_Tirma Braak_Force Break_Stress Braak_Disp.
Paramaters s Sensitivity: 10 Sensitivity: 10 Sensitivity: 10
Unit BRE M M/ mm2 mm
1_1 158,610 T7058.93 8941190 2 980383
MHams= Break_Strain Braak_Time
Faramaters Sensitivity: 10 Seneitivity: 10
Uit % EAG
1_1 2 98083 176.330
128
1240
110 e WA
1':':' = "'-F-- \"}
s Break
a0 o ] Y
B
T 70 -
E 3
= a0 f,-"
) &
$ 50 #
“ 40 £:
30 /
20 is
10 /
Q

-10

0 0.4 0.8 12 1.6 2 24 28 3.2 38 d
Strain(%)

Figure 4.1: Tensile testing result of sample 1
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Comments:

The value of UTS of sample 1 is 106.701N/mm?which gives corresponding 2.65960% strain rate
ate entire area. Sample tolerated maximum 8002.55 N force to reach the fracture point. It took
178.880 sec to complete breaking. It has the highest break force sensitivity among all samples i-e
7058.93 N. It also has the highest break stress sensitivity 94.1190 N/mm?.
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4.1.2 Sample 2:

Key Word Product Mame
Method File of aluminium
Tast Fila Marme 2.xtak Methad File Marme 1050 xrmak
Repert Date T/ 23,2019 Test Date 142372019
Tast Moda Single Test Type Tensila
Spaad 1w/ min Shape Plata
Mo of Batches: 1 Gty Batch: 1
Mama Max Force Max_Strezs Max_Disp. Max_Strain
P Cale. at Entire Cale. at Entire Cale. at Entire Cale. at Entira
kil Areas Areas Areas Areas
Unit H N/ mm2 iyl %
1_1 4750081 G3.3414 1.59658 1.59653
MHama Max_Tirna Braak _Force Break_Stress Braak_Disp.
Parameters Cole. st Entim Sensitivity: 10 Sensitivity: 10 Sensitivity: 10
Unit EBC M M mm2 iyl
1_1 95.8300 445237 59,7650 1.71546
Mama Break_Strain Braak_Time
Parameaters Sensitivity: 10 Sansitivity: 10
Unit % EBC
1_1 171546 102,960
64 —
80 e *Break
54 g
A
48 e
42 £
g
E 36
=
= 30
r ;
i 24 /f*
18
4 .
12 e
3]
1]
1] 02 0.4 0.6 08 1 12 1.4 1.6 1.8 2
Straini%)

Figure 4.2: Tensile testing result of sample 2
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Comments:

UTS value of sample 2 is 63.3414 N/mm2which give 1.59658% corresponding strain calculation
at entire area .It tolerated maximum 4750.61 N force and took 102.960 sec to complete breaking.

Its plastic phase start at 1.2% strain calculation at entire area.
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4.1.3 Sample 3:

Kay Word

Product Nama

Mathod File of aluminium

Tast File Marme 3.xtak Method File Marma 1050, xmak
Raport Data 1/23°2019 Tast Date 1232019
Tast Maode Single Tast Type Tansila
Spaad 1w v Shapea Plata
Mo of Batches: | Gty Batch: |
Mama Max_Force Max_Stress Max_Disp. Max_Strain
P Cale. at Entire Cale. at Entira Cale. at Entira Cale. at Entira
bl HAraas HAraas Araas Araas
Unit. N M./ rmi2 e %
1_1 5430 86 724115 1.99515 1.99515
MHamea Max_Tirna Braak Force Break_Stress Braak _Disp.
Parsmaters Cale. ok Eniiry Sensitivity: 10 Sensitivity: 10 Sensitivity: 10
Urit E8G M M/ mm2 mim
1_1 119740 428236 57.0982 220213
MHamea Break_Strain Break_Time
Parameaters Sensitivity: 10 Sensitivity: 10
Uit % A5
1_1 220213 132,160
128
120
110
100
a0
BO
70 =X
= , \
zﬁ 80 e » Break
£ 50 - e
“ a0 ™
30 4
20 -
o
10 /
o
-10
i 0.4 0.a 1.2 16 2 24 8 is8

Figure 4.3: Tensile testing result of sample 3

Strain(%)
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Comments:

UTS value of sample 3 reached at 72.4115 N/mm? giving corresponding strain calculation is
1.99515% at entire area. It took 132.160 sec to reached at fracture point and tolerated maximum
force of 5430.86 N.Plastic phase of sample 3 has started at 58N/mm?.
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4.1.4 Sample 4:

Key Word

Product Mama

Method File of aluminium

Tast File Marne 4 xtak Method File Name
1050 =mak
Reaport Data 1/23,/,201%9 Test Date 1/23,/201%9
Tast Maoda Single Test Type Tenszila
Spead 1w/ mnim Shapea Plata
Mo of Batehes: 1 Gty Batch: 1
MHams= Max Force Max_Straszs Max_Disp. Max_Strain
P Cale. at Entire Calc. at Entira Cale. at Entire Cale. at Entira
BB HAreas Areas HAreas HAreas
Uit H M/ rm2 mm %
1_1 G014.34 B0.1913 212454 212453
Mama Max_Time Braak Force Braak_Stress Braak_Disp.
Parameters Galc. ot Bntire Sensitivity: 10 Sensitivity: 10 Sensitivity: 10
Unit S8 M M mm T
1_1 127510 4076.38 54.3517 247704
MHams= Break_Strain Braak_Time
Paramaters Sensitivity: 10 Sensitivity: 10
Urnit % EBC
1_1 247708 148 660
128
120
114
100
a0
80 iMA;::
T 70 - 4
E d '
Z 60 / .
W # Break
E a0 et ] i
B 40 /
a0 i
20
-
10 g i
o 7
-10
a 0.4 08 1.2 1.6 2 24 28 3.2 i8

Strain(%:)

Figure 4.4: Tensile testing result of sample 4
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Comments:

UTS value of sample 4 is 80.1913N/mm? giving strain calculation is 2.12458%. It tolerated
maximum 6014.34 N force to reach the fracture point and took 148.660 sec till complete failure.

Its plastic phase started at 60 N/mm? stress value.
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4.1.5 Sample 5:

Key Waord Product Mame
Meathod File of aluminium
Test File Mame G.xtak Method File Marmea 1050, xmak
Report Drata 1/23/201%9 Test Date 1/23/201%
Tast Mada Singla Tast Ty Tanszila
Spaad 1/ miin Shapa Plata
Mo of Batches: | Gty Batch: |
Namsa Max_Force Max_Straze Max_Dizp. Max_Strain
P Calc. at Entire Cale. at Entire Cale. at Entire Cale. at Entire
kil Araas HAraas HAraas HAraas
Urit. N M/ rmm2 i %
1_1 A568.21 47.5761 1.32958 1.32958
Mame Max_Tima Braak Force Break_Stress Braak_Disp.
Parameters Cale. s Entin Sensitivity: 10 Sensitivity: 10 Sensitivity: 10
Urit. e M N mm2 i
1_1 798100 308585 411445 1.65513
Mame Break_Strain Braak_Time
Parameters Sensitivity: 10 Sensitivity: 10
Urit. % e
1_1 1.65513 88,3400
128
120
114
100
a0
a0
70
E
= &0
m
E &0 o
o 40 _,--""d_ #EBreak
i |
30 :
20 /"
10 /_,-
o |
-10

a 0.4 0.8 12 1.6 2 24 28 3.2 38 4
Strain(%o)

Figure 4.5: Tensile testing result of sample 5

27



Comments:

UTS of sample 5 is 47.576 N/mm?with corresponding 1.32958% strain calculation at
entire area. It took 99.3400 sec to reach rapture point with maximum tolerated 3568.21 N force.

All of the above recorded values are minimum among all samples.

The sample 5 is considered as worst sample among all due to minimum UTS value, so it means
that the set of parameters of this sample is not reliable. Sample contain x, y and d parameter
which is the horizontal distance of hole from notch, vertical distance of hole from notch and
diameter of the hole respectively. X has the value of 10 mm, y has the 0.0 mm and d is 6 mm,

which is the highest diameter of the hole.

It shows that a sample with highest diameter and no vertical distance from notch make a sample

not reliable and less tolerable.
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4.1.6 Sample 6:

Eay Word

Product Mama

Method File of aluminium

Tast File Narme G.xtak Method File Marme
1050 xmak
Report Dhata T/23,2019 Test Date 1/23/,2019
Tast Maoda Single Tast Type Tansila
Spead 1 i,/ nin Shapea Flate
Mo of Batches: | Gy Batch: i
Hamea Max Force Max_Stress Max Disp. Max_Strain
P Cale. at Entire Cale. at Entira Cale. at Entira Cale. at Entira
ST HAraas HAraas HAraas HAraas
Uit H M/ rm2 i %
i1_1 311558 108.204 2.95508 2.95508
Mama Max_Tirme Braak Force Break_Stress Braak_Disp.
Parametars - Sensitivity: 10 Sensitivity: 10 Sensitivity: 10
Unit. EBG M M mm2 T
1_1 177.340 G025.76 B80.3435 3.28994
MHama Break_Strain Braak_Tima
Parameters Sensitivity: 10 Sensitivity: 10
Uit % BBE
i1_1 328004 1897 430
128
120
110 i ¥ %
" he
'1|:':| ' 2" ]
f-__.-"' '-I
a0 /
— B0 -1 i #Break
g /
E70 4
= /
b Gl :
s r
@ 50 A
40 ¥ 4
30 #/
20 ’/"/
10 /r"f
a
a 0.4 0.8 12 1.6 2 24 28 52 is i

Figure 4.6: Tensile testing result of sample 6

Strain%)
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Comments:

Sample 6 has the UTS value is 108.208 N/mm?, which is the highest among all samples.
It gives corresponding 2.95508% strain calculation at entire area. It tolerated 8115.58 N force to

reached UTS and took 197.430 sec to reached fracture point.

Its plastic phase started at the 85N/mm?.Sample 6 tolerated highest force at entire area among all

the samples.

As it has the highest value of UTS, it is considered as strong and reliable sample among all.
Sample contain x, y and d parameter which is the horizontal distance of hole from notch, vertical
distance of hole from notch and diameter of the hole respectively. X has the value of 10 mm, y

has the 1.5 mm and d is 2 mm, which is the lowest diameter of the hole.

According to this we can say that a sample having lowest diameter with moderate horizontal and

vertical distance from the notch make the material reliable.

30



4.1.7 Sample 7:

Key Word Product Mama
Method File of aluminium
Tast Fila Marma T.xtak Mathod File Mame 1050.xmak
Raport Data 1/23,201%9 Tast Date 1/23,2019
Test Mode Single Tast Type Tansile
Spaad 1./ min Shapea Plata
Mo of Batches: i Gty Batch: i
Mama Max_Force Max_Strazs Max_Disg. Max_Strain
P Cale. at Entire Cale. at Entira Cale. at Entira Cale. at Entira
b HAraas HAreas HAraas Araas
Unit. N M/ rm2 i %
1_1 524181 69,8881 237708 237704
MHamea Max_Tirma Braak Force Break_Stress Braak_Disp.
Paramaters e Sensitivity: 10 Sensitivity: 10 Sensitivity: 10
Uit 80 M M/ mm2 mm
1_1 142 660 4480.72 58,8783 2.66563
Mama Break_Strain Braak_Time
Farameters Seneitivity: 10 Seneitivity: 10
Uit % EBEC
1_1 256563 153.970
128
120
110
100
a0
B0
% 70 ShAK -
= 80 »
2 e -i
E A0 H It i
® 40 i - b
S0 - i ..II
20 s
10 ,--"ff
g |l
-10
| 0.4 08 1.2 1.6 2 24 2.8 3.2 38 d

Strain(%)

Figure 4.7: Tensile testing result of sample 7
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Comments:

UTS value of sample 7 is 69.8881 N/mm? with giving corresponding 2.37708% strain
calculation at entire area. It took 153.970 sec to reached fracture point with bearing of maximum
5241.61N. Plastic phase of sample 6 started at 50 N/mm?.
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4.1.8 Sample 8:

Kay Waord

Product Mama

Mathod File of aluminium

Teszt File Marme B.xtak Method File Mama 1050 xrnak
Raport Dhata /23,2019 Test Date /23,2019
Tast Mada Singla Tast Type Tanszila
Spaad T i Shapa Plata
Mo of Batches: | Gty Batch: |
Mama Max Force Max_Strass Max_Disp. Max_Strain
P Calc. at Entire Cale. at Entire Cale. at Entira Cale. at Entira
SRy BAreas HAraas BAraas Araas
Urit N M/ a2 i k]
1_1 788615 105.149 2.35758 2.35758
Nama Mazx_Time Braak Force Bresk_Stress Break_Dizp.
Paramaters bl Sensitivity: 10 Sensitivity: 10 Sansitivity: 10
Uit BEG M W mm2 i
1_1 141 450 G475.19 86.3358 263577
Mama Break_Strain Braak_Tima
Pararmaters Sensitivity: 10 Sensitivity: 10
Urvit. % BB
1_1 265577 159,330
128
1240
110 s
e
100 i :
e -
a0 : .
/ # Break
80 I
& Fi
ET0 ]
Z 60 '
E -SD .-"/
£ i
N a0
30 /
I
20
10 i
0 |/
-18
1] 0.4 a8 1.2 1.6 2 24 2.8 3.2 16

Strain( %)
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Figure 4.8: Tensile testing result of sample 8




Comments:

Sample 8 has the UTS value 105.149 N/mm? with corresponding 2.35758% strain
calculation at entire area. It took 159.380 sec to reach fracture point. Plastic phase of sample 8

has started at 80 N/mm?. It tolerated maximum 788615 N force to break completely.
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4.1.9 Sample 9:

Key Waord Product Mame
Methad Fila of aluminium
Taszst Fila Nama 9.xtak Method File Narme 1050 xrmak
Report Data 1/23.72019 Test Date 1/23/,2019
Tast Mode Single Test Typa Tansila
Spaad 1w i Shape Plata
Mo of Batches: | Gty Batch: |
Mams= Max Force Max_Strass Max Disp. Max_Strain
P Cale. at Entire Cale. at Entira Cale. at Entira Cale. at Entira
WS HAraas HAraas HAraas HAraas
Unit N M e i %
1.1 603194 81.0925 1.80373 1.80373
MHamsa Max_Tirma Braak Force Braak_Stress Braak_Disp.
Parameters Cale. sk Exitira Sensitivity: 10 Sensitivity: 10 Sensitivity: 10
Urnit. BBE M M mrn2 mim
1.1 108260 1368.33 18.2444 144117
Mama Break_Strain Braak_Tima
Parameters Sansitivity: 10 Sensitivity: 10
Unit % EBG
1.1 34417 206.500
128
120
110
100
a0
80 ln[u'lﬂ.'?'t
ﬁ %
ETOD LR
E 2
= 60 44 =
m & .
E 50 f;" e
“ 20 o
30 .
20 T Break
10 /
o |
-10

0 0.4 0.8 1.2 1.6 2 2.4 28 3.2 36 d
Strain %)

Figure 4.9: Tensile testing result of sample 9
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Comments:

UTS value of sample is 81.0925 N/mm? giving corresponding 1.80373% strain calculation at
entire area. Its plastic phase started at 60 N/mm?. Its break force sensitivity is 1368.33N which is
the minimum among all samples. Sample 9 has the maximum value of break strain among all

samples. i-e 3.44117 mm.

It has the maximum horizontal and vertical distance from notch as x=15 mm, y=1.5 mm and
diameter is 4 mm which is moderate. These extreme parameters are responsible for maximum

break strain sensitivity.
4.2 Breaking of Samples:

Figure 4.10 shows the breaking of all samples after performing tensile test.

Figure 4.10: Breaking of samples after tensile testing
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After complete breaking of samples, it was observed that angle of breaking is different
for each sample. This difference was due to sets of multiple parameters and different

arrangement of holes leads to propagation of cracks in different paths.
4.3Analysis of Variable (ANOVA):

Analysis of Variable is the statistical approach used to check if the means of two or more groups
are significantly different from each other. It analyzes the impact of one or more factors by

comparing the means of different samples.

After experimentation phase, ANOVA was applied taking the UTS value as response and
x(horizontal distance of hole from notch), y(vertical distance of hole from notch) and d(diameter of

hole) as factors using Minitab software. Table 4-1 describes the values of factors and response.

Table 4-1: Factors and Response values.

Sample X (mm) Y (mm) d (mm) UTS

Names
1 5 -1.5 2 106.701
2 5 0.0 4 63.341
3 5 1.5 6 72.412
4 10 -1.5 4 80.191
5 10 0.0 6 47.576
6 10 1.5 2 108.208
7 15 -1.5 6 69.888
8 15 0.0 2 105.149
9 15 1.5 4 81.093

According to the above given values of factors and response, ANOVA represented the result which
includes the value of Degree of Freedom (DF), Sequential sum of squares (SegSS), Percentage
contribution, Adjusted sum of squares (Adj SS),Adjusted Mean square (Adj MS),F-value and P-
value. Table 4-2 displays the result of ANOVA.
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Table 4-2: ANOVA results.

Source DF SeqSS %Contribution AdjSS AdjMS F P

X(mm) 2 7058 1.96% 70.58 3529 0.79 0.559

Y (mm) 2 41838 11.60% 418.38 209.19 4.68 0.176
d(mm) 2 3029.15 83.97% 3029.15 1514.58 33.91 0.029
Error 2 8933 2.48% 89.33 44.66

Total 8 3607.44 100.00%

According to above given results d (diameter of hole) has the 83.97% contribution.

y(vertical distance of hole from notch) has the 11.60% and x(horizontal distance of hole from

notch) has the 1.96% contribution. Result shows that diameter of holes have the highest

contribution in the UTS values and x parameter has the lowest contribution against UTS.

4.3.1 Main Effect Plot:

ANOVA represented Main effect plot for means according to the results. Figure 4-11 shows

the main effect plots for means.

Main Effects Plot for Means

Data Means
x (mm) y (mm)
100 +
90 -
- —
E \//
= 70 1
{ 60 T T T T T T
S 5 10 15 -1.5 0.0 1.5
c d (mm)
]
{ 100 +
90
80
| \\
60 - T T T
2 4 6

Figure 4.11: Main Effect Plot
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According to Main Effect Plot, UTS value and diameter of hole is inversely proportional to
each other. Its mean that smaller diameter of hole gained highest value of UTS and lowest value of
UTS for larger diameter. Similarly, UTS value and x parameter is directly proportional to each
other, if horizontal distance of hole from notch is increases, it gained higher UTS value and vice
versa. UTS value and y parameter is directly proportional to each other If vertical distance of hole
from notch is increasing, then it also gained the higher UTS value and vice versa.

4.3.2 Best and Worst:

Sample 6 considered as the best sample, as main effect plots shows that a smaller diameter
of hole and more vertical and distance from notch undergoes the higher UTS value.

Sample 5 considered as the worst sample, because according to the graph, a higher diameter

hole and lowest vertical distance from notch undergoes the lowest UTS value.
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CHAPTER 5:
DISCUSSION AND CONCLUSION

5.1 Discussion and Comparisons:

After comparing the results, we came to know that sample 6 (x=10mm,y=1.5 and holes dia=2mm)
give the highest inclined line starting from initial point indicating the linear relationship between
stress and strain, so it undergoes highest elastic phase under stress-strain diagram therefore, it
reached highest ultimate stress point with highest Stress point 108.208 N/mm?. Due to all of these,
it tolerated highest maximum force at entire area, which is 8115.58 N. It gives 2.95508 % strain
rate at entire area. Break strain sensitivity of sample 6 is recorded as 3.28994%. These factors of
sample 6 are responsible to reach its Ultimate stress point. By comparing with another samples
behavior, it is noticeable that sample 6 stored maximum energy before reaching the point of

rapture.

In contrast, sample 5 (x=10mm,y=0.0 mm and holes dia=6mm) possess the minimum UTS value
among all samples, i-e 47.561f N/mm? It tolerated force of 3568.21N to reach the UTS. It also has
the minimum strain calculation on entire area among all samples that is 1.32958%. Among all
specimens, its break strain sensitivity is lowest which is 1.65513mm. Due to all these lowest
parameters, it took lowest time of 79.81 sec to reach at UTS point. Its break time reduced to 99.34
sec, which is also lowest among all samples. Sample 5 has the minimum elastic phase and it

jumped to plastic phase after more force applying on it and it stored minimum energy applied on it.

Sample 9 (x= 15, y=1.5, holes dia=4mm) has the lowest break force sensitivity i-e 1368.3N among
all the sample and it has lowest stress sensitivity 18.244 N/mm that’s why It has the highest strain

sensitivity i-e 3.4417 % and highest break time sensitivity that is 206.5 sec.
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5.2 Conclusion:

After comparing the above given results, we can conclude that smaller the diameter of hole and
maximum horizontal and vertical distance from notch is optimum for the sample regarding
propagation of crack and failure of object under tensile loading. It undergoes highest elastic
phase and then goes to plastic phase and after that necking starts by applying more force on it. It
is noticed that crack has been propagate from notch in each case. Smaller the diameter with
moderate x and y distance from notches undergoes more force as compared to large diameter

which is drilled in front of the notches.

Similarly, lowest horizontal distance value, zero vertical distance value from notch and
larger diameter make the sample weak. It has small break strain sensitivity and it shows the
lowest Ultimate stress point and minimum strain calculation under tensile loading. It undergoes
small elastic phase and goes to plastic phase very quickly after applying small value of force on
it.

It was observed that the UTS showed linear increase with the natural logarithm of strain
rate. The stress intensity factors under blunt notch and sharp crack conditions also increased

linearly with gradually increasing force and extension of hydraulic jaws of the machine.

According to ANOVA a hole has a maximum contribution. A specimen is stronger or
reliable, if we use smaller diameter of hole respective to crack or notch. As we increasing the

horizontal and vertical distance of hole from notch, a specimen become more reliable.
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