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 Introduction:
This assignment will cover 8 chapters. These chapters include Introduction, Experimental procedure, Results, Analysis, Conclusion, Evaluation, Further work and References. 
The first part of assignment is about the steps taken while conducting the tensile test of different materials. This includes a description of the tools and materials used and the addition of the steps required. 
The second part of the assignment was including the raw data collected during the test and displaying it. This included two columns of force and load nut movement.
The next step was creating graphs from the values collected and displaying them in a way to easily visualise the stress and strain affecting the material.
The next step was to find the tensile stress and yield stress for each material and the compare the values found to some researched values.
The next part was describing the steps taken to minimise error during the tests which would be important in making sure our calculations would be correct and giving accurate values.
Finaly the assignment includes a further work section explaining the changes that would be made to the experiment if unlimited resources and time was given to the users and how it would help the outcome of the experiment.













Experimental procedure: how the experiment was conducted including use of own images
How the Tensile Tester works: A Tensile Tester ES6 is a device used to tests the strength of different materials under different loads. The Tensile Tester ES6 works by attaching the specimen piece to two chucks located on the top and bottom of the ES6 using a specific bolt. On the top of the device, a load nut is located, which controls the load on the specimen. For every turn the load nut completes, the specimen piece gets stretched upwards by 1mm. A Dial Indicator is located towards the bottom of the device, which is used to display the force being applied on the specimen throughout the experiment.
Load nut with Notch scale
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Conducting the experiment: The first step in the experiment is to measure the gauge length and cross-sectional area of the specimen before placing the specimen into the chuck pieces. After placing the specimen in the chucks, two users must be selected for spinning the load nut and reading the dial indicator. During the experiment, one person will spin the load nut in intervals of 0.2mm and the other person will read the highest value presented by the dial.  The person spinning the load nut will spin by 0.2mm until they reach 4mm of extension. After this, they will spin the load nut by 1mm each time. After reaching 10mm, the person spinning will spin by 10mm each time. The value of the dial indicator must be written down for each step in the experiment. After the specimen snaps, the piece is taken out, and its new gauge length is measured. This measurement is important, as the change in length is required to calculate strain later. After completing the experiment for the first material, the same must be repeated for each of the different specimens.  
Results: raw data collected in lab    PVC:
cross sectional area:
2x 1 
original length: 30.7
final length: 42.8

load nut:
dial indicator:
0
0
0.2
0.06
0.4
0.13
0.6
0.19
0.8
0.25
1
0.29
1.2
0.31
1.4
0.31
1.6
0.23
1.8
0.18
2
0.17
2.2
0.17
2.4
0.17
2.6
0.16
2.8
0.16
3
0.16
3.2
0.15
3.4
0.14
3.6
0.17
3.8
0.16
4
0.17
4.2
0.15
4.4
0.17
4.6
0.18
4.8
0.16
5
0.16
6
0.2
7
0.17
8
0.16
9
0.15
10
0.16

Duralumin:
Cross sectional area:
2 x 1 
original length: 31 
final length: 35

load nut:
dial indicator:
0
0
0.2
0.15
0.4
0.31
0.6
0.5
0.8
0.67
1
0.85
1.2
1.03
1.4
1.21
1.6
1.4
1.8
1.57
2
1.76
2.2
1.94
2.4
2.12
2.6
2.3
2.8
2.49
3
2.66
3.2
2.84
3.4
3.02
3.6
3.2
3.8
3.39
4
3.57
4.2
3.74
4.4
3.91
4.6
4.08
4.8
4.25
5
4.41
6
4.81
7
5.01
8
5.11


Aluminium:
cross sectional area:
2x0.9 
original length: 31 
final length: 35

load nut:
dial indicator:
0
0
0.2
0.15
0.4
0.32
0.6
0.49
0.8
0.69
1
0.98
1.2
1.06
1.4
1.24
1.6
1.42
1.8
1.59
2
1.76
2.2
1.92
2.4
2.06
2.6
2.17
2.8
2.29
3
2.38
3.2
2.49
3.4
2.53
3.6
2.62
3.8
2.66
4
2.75
4.2
2.79
4.4
2.8
4.6
2.87
4.8
2.92


Steel:
cross sectional area:
1.8 x 1 
1.8*10^-6
original length: 31 


final length: 38.6



load nut:
dial indicator:
0
0
0.2
0.13
0.4
0.3
0.6
0.48
0.8
0.66
1
0.84
1.2
1.02
1.4
1.21
1.6
1.39
1.8
1.57
2
1.75
2.2
1.94
2.4
2.13
2.6
2.31
2.8
2.48
3
2.66
3.2
2.83
3.4
3
3.6
3.14
3.8
3.26
4
3.4
4.2
3.52
4.4
3.65
4.6
3.77
4.8
3.88
5
3.99
6
4.51
7
4.92
8
5.2
9
5.3
10
5.44



Analysis: spreadsheets and graphs as per the guidance notes attached




























Conclusion: validate your assignment by identifying the materials and compare your results with research results for tensile stress and yield stress



Comparison between materials: looking at the results from the stress and strain graphs the difference in stress and strain between the materials can be visualised. Stress is the amount of force applied on a material per unit area, and strain is the measurement of how much the material deforms due to the stress. From the materials tested, stress was able to withstand the highest amount of stress before its fracture point. However, in comparison, the PVC had the highest strain from all the materials while being able to stand the least amount of stress in comparison to the rest of the materials.
Comparison with research results for tensile stress and yield stress
By looking at research results, comparisons can be made for the Tensile stress and yield stress of each material with the results we collected.  This will show if our experiment was accurate in giving the correct values for these tests.  
Steel: By researching the properties of steel, it can be found to have an ultimate tensile strength of 420 MPa (MatWeb. (n.d.) AISI 1020 Steel). Looking at the results, the steel we used gave us a unit of 302MPa. This result is 118MPa smaller than the researched unit. An explanation for this, is that steel comes in different types and purities, and therefor will differ slightly in properties. Next the yield stress values must be compared to the researched values. For the experiment, Yield stress was166 MPa. The researched yield stress for steel is around 250 MPa (EconSteel. (2024)). This may be due to the type of steel used in the experiment compared to the researchers.
Aluminium: By researching the properties of aluminium, it can be seen that aluminium has an ultimate tensile strength of 90 MPa (AZoM. (2005)). This can compare to the results from the test, which got a tensile strength of 162 MPa. This result is 72 MPa greater than the researched result. The reasoning for this is that aluminium can differ in tensile strength between 90 MPa to 690 MPa depending on the heat treatment and alloys. Next, the researched yield stress and the test value is compared. The test value for yield stress in aluminium is 38 MPa. In comparison, the researched value for aluminium is 40 MPa (Aluminium Online. Joe Mullally (n.d.)). This value is very close to our tested value meaning the slight difference may be due to the condition of the test specimen or potential the heat treatment of the material.
Duralumin: By researching the properties of Duralumin, it has a tensile strength between 420-500 MPa (AZoM. (2013)). By looking at the results of the duralumin from the personal test, we got a figure of 255 MPa. This figure is 165 MPa lower than the minimum researched value. This result may be due to human error when performing the experiment. The test value of Duralumin is 240 MPa. In comparison, the researched value for Duralumin is 300 MPa (Nuclear Power. (n.d.)). This value is close to our tested value meaning the slight difference may be due to the condition of the test specimen, the difference in alloy or heat treatment of the material.
PVC: By researching the properties of PVC, it has an ultimate tensile strength between 14.3 – 55.2 MPA (MatWeb. (n.d.)). Looking at the test results, the PVC we used gave us a unit of 17.2 MPa. This result does fit into the results of the researched unit. The test result for Yield strength In PVC gave us a value of 172 MPa. This is greatly larger than the researched value which was between 3.45 and 73.1 MPa (MatWeb. (n.d.)). This may be due to type of PVC used or potential human error when reading the values on the dial indicator.













Evaluation: how you eliminated errors as far as possible
To eliminate errors, someone overlooked the person reading the results on the dial gauge to see that they didn’t make any mistakes while reading the values. This aimed to reduce errors in during the unit measurement phase of the test. In addition to this, while measuring the gauge length of the specimen before and after the test, it was made sure that 2 people measured it and compared the results to make sure both numbers where equals.



Further work: given unlimited time and resources, how could you make this experiment better.
If given unlimited time and resources, the experiment could be improved by using higher grade equipment, which gives a much more accurate reading of the results. In addition, the machine could be automated so no human error could take place while conducting the experiment. This means there’s no requirement for someone to spin the load nut and read from the dial gauge. By keeping all actions consistent and accurate, the results would be much more accurate. In addition to this, multiple specimens would be used for each material making sure that all values are similar, and no results are taken from a faulty test or specimen. This means if a material was tested only once, and the specimen was faulty the results would be wrong. However, by testing multiple specimens for the same material, the data can be compared, and faulty materials would be disregarded from the final values for the calculations.
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Duralumin stress and strain

0	1.612903225806452E-3	2.9032258064516136E-3	3.2258064516129024E-3	4.193548387096774E-3	4.8387096774193559E-3	5.4838709677419335E-3	6.1290322580645146E-3	6.4516129032258125E-3	7.4193548387096768E-3	7.7419354838709677E-3	8.3870967741935566E-3	9.032258064516123E-3	9.6774193548387188E-3	9.9999999999999881E-3	1.0967741935483867E-2	1.1612903225806461E-2	1.2258064516129029E-2	1.2903225806451609E-2	1.3225806451612894E-2	1.3870967741935488E-2	1.4838709677419354E-2	1.5806451612903234E-2	1.6774193548387082E-2	1.7741935483870961E-2	1.9032258064516125E-2	3.8387096774193559E-2	6.4193548387096774E-2	9.3225806451612894E-2	7500000	15500000	25000000	33500000	42500000	51500000	60500000	70000000	78500000	88000000	97000000	106000000	114999999.99999999	124500000.00000001	133000000	142000000	151000000	160000000	169500000	178500000	187000000	195500000	204000000	212500000	220500000	240499999.99999997	250500000	255500000.00000003	Strain


Stress (Nm^2)



PVC stress and strain

0	4.5161290322580649E-3	8.7096774193548398E-3	1.3225806451612903E-2	1.7741935483870968E-2	2.2903225806451613E-2	2.8709677419354835E-2	3.5161290322580641E-2	4.4193548387096777E-2	5.2258064516129035E-2	5.9032258064516133E-2	6.5483870967741942E-2	7.1935483870967737E-2	7.8709677419354834E-2	8.5161290322580629E-2	9.1612903225806452E-2	9.8387096774193564E-2	0.10516129032258063	0.11064516129032259	0.11741935483870966	0.1235483870967742	0.13064516129032258	0.13645161290322583	0.14258064516129032	0.14967741935483869	0.15612903225806452	0.18709677419354839	0.2203225806451613	0.25290322580645158	0.28548387096774192	0.3174193548387097	0	3000000	6500000	10555555.555555556	13888888.88888889	16111111.11111111	17222222.222222224	17222222.222222224	12777777.777777778	10000000	9444444.444444444	9444444.444444444	9444444.444444444	8888888.8888888899	8888888.8888888899	8888888.8888888899	8333333.333333334	7777777.7777777789	9444444.444444444	8888888.8888888899	9444444.444444444	8333333.333333334	9444444.444444444	10000000	8888888.8888888899	8888888.8888888899	11111111.111111112	9444444.444444444	8888888.8888888899	8333333.333333334	8888888.8888888899	Strain


Stress (N/M^2)



stress and strain comparison 

Steel	0	2.2580645161290325E-3	3.2258064516129041E-3	3.8709677419354839E-3	4.5161290322580649E-3	5.161290322580646E-3	5.8064516129032236E-3	6.1290322580645146E-3	6.7741935483871026E-3	7.4193548387096768E-3	8.0645161290322578E-3	8.3870967741935566E-3	8.7096774193548398E-3	9.35483870967742E-3	1.0322580645161285E-2	1.0967741935483867E-2	1.1935483870967746E-2	1.2903225806451609E-2	1.4838709677419354E-2	1.741935483870968E-2	1.9354838709677424E-2	2.1935483870967748E-2	2.4193548387096787E-2	2.6774193548387084E-2	2.9677419354838707E-2	3.2580645161290313E-2	4.8064516129032266E-2	6.7096774193548384E-2	9.0322580645161285E-2	0.11935483870967742	0.14709677419354839	0	7222222.2222222229	16666666.666666668	26666666.666666668	36666666.666666672	46666666.666666672	56666666.666666672	67222222.222222224	77222222.222222224	87222222.222222224	97222222.222222224	107777777.77777778	118333333.33333334	128333333.33333334	137777777.77777779	147777777.77777779	157222222.22222224	166666666.66666669	174444444.44444445	181111111.1111111	188888888.8888889	195555555.55555555	202777777.77777779	209444444.44444445	215555555.55555555	221666666.66666669	250555555.55555555	273333333.33333337	288888888.8888889	294444444.44444448	302222222.22222221	Aluminium	0	1.612903225806452E-3	2.580645161290323E-3	3.5483870967741933E-3	3.5483870967741968E-3	6.4516129032258119E-4	4.5161290322580615E-3	5.1612903225806426E-3	5.8064516129032306E-3	6.7741935483870957E-3	7.7419354838709677E-3	9.0322580645161368E-3	1.0967741935483867E-2	1.3870967741935488E-2	1.6451612903225801E-2	2.0000000000000004E-2	2.2903225806451613E-2	2.8064516129032262E-2	3.1612903225806448E-2	3.6774193548387089E-2	4.0322580645161289E-2	4.5483870967741938E-2	5.1612903225806465E-2	5.5806451612903214E-2	6.0645161290322575E-2	0	8333333.333333334	17777777.77777778	27222222.222222224	38333333.333333336	54444444.444444448	58888888.888888888	68888888.888888896	78888888.888888896	88333333.333333343	97777777.777777776	106666666.66666667	114444444.44444445	120555555.55555557	127222222.22222222	132222222.22222222	138333333.33333334	140555555.55555555	145555555.55555555	147777777.77777779	152777777.77777779	155000000	155555555.55555555	159444444.44444445	162222222.22222224	Duralium	0	1.612903225806452E-3	2.9032258064516136E-3	3.2258064516129024E-3	4.193548387096774E-3	4.8387096774193559E-3	5.4838709677419335E-3	6.1290322580645146E-3	6.4516129032258125E-3	7.4193548387096768E-3	7.7419354838709677E-3	8.3870967741935566E-3	9.032258064516123E-3	9.6774193548387188E-3	9.9999999999999881E-3	1.0967741935483867E-2	1.1612903225806461E-2	1.2258064516129029E-2	1.2903225806451609E-2	1.3225806451612894E-2	1.3870967741935488E-2	1.4838709677419354E-2	1.5806451612903234E-2	1.6774193548387082E-2	1.7741935483870961E-2	1.9032258064516125E-2	3.8387096774193559E-2	6.4193548387096774E-2	9.3225806451612894E-2	0	7500000	15500000	25000000	33500000	42500000	51500000	60500000	70000000	78500000	88000000	97000000	106000000	114999999.99999999	124500000.00000001	133000000	142000000	151000000	160000000	169500000	178500000	187000000	195500000	204000000	212500000	220500000	240499999.99999997	250500000	255500000.00000003	PVC	0	4.5161290322580649E-3	8.7096774193548398E-3	1.3225806451612903E-2	1.7741935483870968E-2	2.2903225806451613E-2	2.8709677419354835E-2	3.5161290322580641E-2	4.4193548387096777E-2	5.2258064516129035E-2	5.9032258064516133E-2	6.5483870967741942E-2	7.1935483870967737E-2	7.8709677419354834E-2	8.5161290322580629E-2	9.1612903225806452E-2	9.8387096774193564E-2	0.10516129032258063	0.11064516129032259	0.11741935483870966	0.1235483870967742	0.13064516129032258	0.13645161290322583	0.14258064516129032	0.14967741935483869	0.15612903225806452	0.18709677419354839	0.2203225806451613	0.25290322580645158	0.28548387096774192	0.3174193548387097	0	3000000	6500000	10555555.555555556	13888888.88888889	16111111.11111111	17222222.222222224	17222222.222222224	12777777.777777778	10000000	9444444.444444444	9444444.444444444	9444444.444444444	8888888.8888888899	8888888.8888888899	8888888.8888888899	8333333.333333334	7777777.7777777789	9444444.444444444	8888888.8888888899	9444444.444444444	8333333.333333334	9444444.444444444	10000000	8888888.8888888899	8888888.8888888899	11111111.111111112	9444444.444444444	8888888.8888888899	8333333.333333334	8888888.8888888899	Strain


Stress (N/m^2)




Steel stress and strain

steel	0	2.2580645161290325E-3	3.2258064516129041E-3	3.8709677419354839E-3	4.5161290322580649E-3	5.161290322580646E-3	5.8064516129032236E-3	6.1290322580645146E-3	6.7741935483871026E-3	7.4193548387096768E-3	8.0645161290322578E-3	8.3870967741935566E-3	8.7096774193548398E-3	9.35483870967742E-3	1.0322580645161285E-2	1.0967741935483867E-2	1.1935483870967746E-2	1.2903225806451609E-2	1.4838709677419354E-2	1.741935483870968E-2	1.9354838709677424E-2	2.1935483870967748E-2	2.4193548387096787E-2	2.6774193548387084E-2	2.9677419354838707E-2	3.2580645161290313E-2	4.8064516129032266E-2	6.7096774193548384E-2	9.0322580645161285E-2	0.11935483870967742	0.14709677419354839	0	7222222.2222222229	16666666.666666668	26666666.666666668	36666666.666666672	46666666.666666672	56666666.666666672	67222222.222222224	77222222.222222224	87222222.222222224	97222222.222222224	107777777.77777778	118333333.33333334	128333333.33333334	137777777.77777779	147777777.77777779	157222222.22222224	166666666.66666669	174444444.44444445	181111111.1111111	188888888.8888889	195555555.55555555	202777777.77777779	209444444.44444445	215555555.55555555	221666666.66666669	250555555.55555555	273333333.33333337	288888888.8888889	294444444.44444448	302222222.22222221	Strain


Stress (N/m^2)



Aluminium stress and strain

0	1.612903225806452E-3	2.580645161290323E-3	3.5483870967741933E-3	3.5483870967741968E-3	6.4516129032258119E-4	4.5161290322580615E-3	5.1612903225806426E-3	5.8064516129032306E-3	6.7741935483870957E-3	7.7419354838709677E-3	9.0322580645161368E-3	1.0967741935483867E-2	1.3870967741935488E-2	1.6451612903225801E-2	2.0000000000000004E-2	2.2903225806451613E-2	2.8064516129032262E-2	3.1612903225806448E-2	3.6774193548387089E-2	4.0322580645161289E-2	4.5483870967741938E-2	5.1612903225806465E-2	5.5806451612903214E-2	6.0645161290322575E-2	0	8333333.333333334	17777777.77777778	27222222.222222224	38333333.333333336	54444444.444444448	58888888.888888888	68888888.888888896	78888888.888888896	88333333.333333343	97777777.777777776	106666666.66666667	114444444.44444445	120555555.55555557	127222222.22222222	132222222.22222222	138333333.33333334	140555555.55555555	145555555.55555555	147777777.77777779	152777777.77777779	155000000	155555555.55555555	159444444.44444445	162222222.22222224	strain


Stress (N/m^2)



2
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