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[bookmark: _Toc184498801]Introduction
In this assignment, students were tasked with carrying out an experiment to test the tensile strength of various materials. Using the equipment provided, they can obtain data and use this to build tables of results, graphs and then compare the results of each different material. It is crucial for engineers to understand the strength of materials and how they react to applied loads (TecQuipment, 2012), and this experiment is a valuable introduction into learning this.

[bookmark: _Toc184498802]Experimental Procedure
1.  Check that equipment is set up correctly and ready to be used. If so, choose a material to test and measure its gauge length (shown in Figure 1). Also measure the thickness of this length. This allows you to calculate the area of the material.
2. Fasten the material into the two chucks, which are shown in Figure 1. Set the dial indicator to zero.
3. Turn the Load Nut clockwise in 0.2mm steps up to 5mm, noting the dial indicator reading every 0.2mm. From 5mm to 10mm, turn and measure in 1mm steps, and then in 10mm steps. 
4. Once the material has broken, remove it from the chucks. Carefully put the broken ends together and then measure the new gauge length. Subtract the original gauge length from this, and then note down your elongation.
5. Create an excel table which includes columns for all needed measurements. To find the force values, multiply the dial indicator reading at each point by 100. To find the extension of the material, subtract the dial indicator reading to each corresponding Load Nut movement. 
6. To find the stress of the material, take each force value and divide by the area which was previously measured. 
7. To find the nominal strain at any given measurement, take change in length (extension) and divide by the original length measured.
8. Plot a stress-strain curve graph, similar to the one shown in Figure 4 using your values found for stress strain.
9. Repeat all steps for each material or until satisfied with the number of results.
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Figure 2 – The materials before the experiment
Figure 1 – The equipment used during the experiment
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Figure 3 – The nominal values of the materials (TecQuipment, 2012)
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Figure 4 – A typical stress-strain graph (Figari, P.)
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Figure 5 – Raw results for steel

Figure 6 – Raw results for duralumin
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Figure 8 – Raw results for PVC
Figure 7 – Raw results for aluminium
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Figure 10 – A graph showing the elastic region of steel
Figure 9 – A graph showing the stress-strain curve for steel
[bookmark: _Toc184575716]Table 1 - The results table for steel
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Figure 11 – A graph showing the stress-strain curve for duralumin
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Figure 13 – A graph showing the stress-strain curve for aluminium
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Figure 15 – A graph showing the stress-strain curve for PVC




[bookmark: _Toc184498805]Conclusion
In this experiment, four different materials were tested: Steel, Duralumin (an aluminium alloy), Aluminium, and PVC (Polyvinyl Chloride). The results for steel are largely what is expected, with a clear yield point and an elastic graph which has no obvious outliers. For duralumin, there are two outliers. One is towards the beginning, with the strain becoming negative, however it does continue in a linear manner afterwards. The other outlier is just before the yield point, where the strain again decreases, before continuing as expected. The results for aluminium are largely as expected, with a clear yield point. However, at a stress of roughly 15 MPa, the strain sharply increases, before again continuing as expected. For PVC, the results are very inconsistent, with the stress constantly fluctuating after the strain reaches 0.02, until which the stress-strain ratio is largely linear.














[bookmark: _Toc184498806]Evaluation
During the experiment, there were several measures taken to ensure that the results were as accurate and reliable as possible. One of these measures was ensuring that each person was focusing on only one task. One person was turning the load nut, another was stating the dial indicator readings, and a third person was recording the readings. This was to reduce the chance of human error as much as possible, as with each person being able to focus solely on performing one task, 
Another measure that was taken to ensure that the experiment was as accurate as possible was applying a consistent rate of force to the load nut. This was done in an effort to maintain a constant extension of a given material, and ensured that no harsh forces were exerted that could make a material lose its strength. This then meant that there was less chance of an outlier coming up when analysing the results.













[bookmark: _Toc184498807]Further Work
Even though there were measures put in place to reduce the risk of errors in this experiment, there were still quite a few that occurred. There are many ways to improve the precision of the experiment however, which would lead to less mistakes and more accuracy.
One of these would be to use specialized equipment, which would be able to turn the load nut at a constant rate. This would ensure that there would be almost zero chance of any harsh movements on the material, as a computer is able to calculate its own speed and maintain a constant one far better than a human can. This would significantly increase the accuracy of the experiment, as this is the main source of outliers and eliminating the human element of this would remove that source.
Another piece of specialized equipment that can be used to increase the accuracy of the experiment is a computer which is able to measure the dial indicator at each specified load nut point. By being able to take exact measurements, there is a much-reduced risk of any outliers appearing in results. This is also another measure that reduces the human error risk, as a computer is much less likely to make a mistake reading measurements than a human is.
Additionally, the temperature within the room in which the experiment is conducted can also play a large factor in its results. If it is colder, some materials become more brittle, and if it is hotter, some materials become weaker. By conducting the experiment in a temperature-regulated room, the conditions under which each material is tested are the same, which means that the results are more likely to be accurate.
Finally, increasing the number of repeats to the test is a good way of ensuring accuracy. The main reason for this is that it greatly reduces the chances of having an outlier in the results, and for example in this experiment could show that what are thought to be outliers in fact are not. You can also do repeats at different temperatures to test each material and compare how they perform in a range of temperatures.
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osd DisLiodicae Force(N) | Extension (mm) |Stress o (N/mm?)
Movement(mm) | (mm)

0 0 0 0 0 0
0.2 0.17. 17 0.03 8.5 0.0010
0.4 0.35 35 0.05 175 0.0016
0.6 0.54 54 0.06 27.0 0.0019
0.8 0.73 73 0.07 36.5 0.0023
10 0.92 92 0.08 46.0 0.0026
12 111 111 0.09 55.5 0.0029
14 129 129 0.11 64.5 0.0035
16 147 147 0.13 73.5 0.0042
18 167 167 0.13 83.5 0.0042
2.0 185 185 0.15 92.5 0.0048
22 2.04 204 0.16 102.0 0.0052
24 2.22 222 0.18 111.0 0.0058
26 241 241 0.19 120.5 0.0061
2.8 2.58 258 0.22 129.0 0.0071
3.0 2.76 276 0.24 138.0 0.0077
3.2 2.93 293 0.27 146.5 0.0087
34 3.09 309 0.31 154.5 0.0100
3.6 3.23 323 0.37 1615 0.0119
3.8 3.35 335 0.45 167.5 0.0145
4.0 3.48 348 0.52 174.0 0.0168
42 3.60 360 0.60 180.0 0.0194
44 3.73 373 0.67 186.5 0.0216
46 3.84 384 0.76 192.0 0.0245
4.8 3.95 395 0.85 197.5 0.0274
5.0 4.06 406 0.94 203.0 0.0303
6.0 4.56 456 144 228.0 0.0465
7.0 4.90 490 2.10 245.0 0.0677
8.0 5.14 514 2.86 257.0 0.0923
9.0 5.27 527 373 263.5 0.1203
10.0 5.35 535 4.65 267.5 0.1500
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0.2 0.18 18 0.02 75 0.0006
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14 139 139 0.01 57.9 0.0003
16 157 157 0.03 65.4. 0.0010
18 175 175 0.05 729 0.0016
2.0 194 194 0.06 80.8 0.0019
22 212 212 0.08 88.3 0.0026
24 2.30 230 0.10 95.8 0.0032
26 248 248 0.12 103.3 0.0039.
2.8 2.66 266 0.14 1108 0.0045
3.0 2.83 283 0.17. 179 0.0055
3.2 3.03 303 0.17 126.3 0.0055
34 3.22 322 0.18 1342 0.0058
3.6 3.46 346 0.14 1442 0.0045
3.8 3.58 358 0.22 149.2 0.0071
4.0 3.75 375 0.25 156.3 0.0080
42 3.91 391 0.29 162.9 0.0093
44 4.07 407 0.33 169.6 0.0106
46 4.20 420 0.40 175.0 0.0129
4.8 4.32 432 0.48 180.0 0.0154
5.0 439 439 0.61 1829 0.0196
6.0 4.58 458 142 190.8 0.0457
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0 0 0 0 0 0

02 0.18 18 0.02 9.0 0.0006
0.4 033 33 0.07 16.5 0.0023
06 043 43 0.17 215 0.0055
08 0.51 51 0.29 255 0.0094
10 0.69 69 031 345 0.0100
12 0.86 86 0.34 43.0 0.0110
14 1.03 103 0.37 515 0.0119
16 121 121 0.39 60.5 0.0126
18 138 138 0.42 69.0 0.0135
20 1.50 150 0.50 75.0 0.0161
22 162 162 0.58 810 0.0187
24 172 172 0.68 86.0 0.0219
26 182 182 078 910 0.0252
28 1.90 190 0.90 95.0 0.0290
3.0 196 196 1.04 98.0 0.0335
32 2.01 201 119 100.5 0.0384
34 2.10 210 1.30 105.0 0.0419
36 217 217 143 108.5 0.0461
38 218 218 162 109.0 0.0523
4.0 2.22 222 178 1110 0.0574
42 223 223 197 1115 0.0635
44 2.24 224 2.16 112.0 0.0697
46 2.25 225 2.35 1125 0.0758
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0 0 0 0 0 0
0.2 0.06 6 0.14 3.0 0.0045
0.4 0.13 13 0.27 6.5 0.0087
0.6 0.18 18 0.42 9.0 0.0136
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10 0.10 10 0.90 5.0 0.0291
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2.8 0.11 1 2.69 5.5 0.0871
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3.2 0.08 8 3.12 4.0 0.1010
34 0.09 9 3.31 45 0.1071
3.6 0.09 9 3.51 4.5 0.1136
3.8 0.10 10 3.70 5.0 0.1197
4.0 0.08 8 3.92 4.0 0.1269
42 0.08 8 412 40 0.1333
44 0.09 9 4.31 4.5 0.1395
46 0.10 10 4.50 5.0 0.1456
4.8 0.09 9 471 4.5 0.1524
5.0 0.11 1 489 5.5 0.1583
6.0 0.14 14 5.86 7.0 0.1896
7.0 0.12 12 6.88 6.0 0.2227
8.0 0.10 10 7.90 5.0 0.2557
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