Introduction
This assignment shall discuss the tensile test carried out in the IQ007 science lab, using the tensile tester kit ES6. This assignment was given alongside the practical task, aimed at demonstrating the necessary procedures needed to undertake the practical task, recording and displaying the relevant data that was collected during the tensile test. Additionally, it aims to improve the understanding of stress and strain, by comparing individual mathematical calculations to real world testing of material. 

Experimental Procedures
The tensile test was conducted in a group of four, measuring the height, length and width of test samples, and recording the information for each. These raw results were used to work out a cross-sectional area. It was pivotal that the tensile testing apparatus was secured to the testing plate and while installing the first of the tensile testing blanks into the top and bottom chucks, that they were secured tightly with a hex key (Image 1.1).

Image 1.1
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During the tensile testing, each team member was allocated an individual role. These roles were decided upon by the team, and each team member stuck to their allocated roles throughout the test; reducing the rate of human error and ensured consistency. The roles were as follows: one member was to twist the apparatus’ handle, thus pulling on the test samples, another to announce the readings on the dial test indicator, and the final two were to record the results in a table (Image 1.2 & Image 1.3).







Image 1.2                                                                Image 1.3
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After zeroing the DTI and removing any slack from the machine or sample, the handle was rotated, ensuring that it was lined up with the following line on the base, thus pulling the load nut by 0.2mm. The results were quickly announced to the group and recorded, as delaying would result in diminished readings on the DTI, producing inaccurate data. The rotations were repeated, pulling the load nut 0.2mm at a time, whilst continuing to record results. This was repeated until a total extension of 5mm was achieved. When this extension was reached, only then could a full rotation of the handle be done, pulling the test piece 1mm at a time, which was five times greater than the original rotations. This was continued until, or if, a total extension length of 10mm was achieved, following this with 10mm extension increments, rotating the handle a total of ten times. Continued extensions were performed until total failure of the sample. This was repeated for all remaining samples, with additional measurements of the sample length taken afterwards also (Image 1.4 & Image 1.5).

Image 1.4                                                         Image 1.5
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Conclusion
The classic tensile strength for aluminium can range between 40 MPa to 700 MPa. Aluminium's ability to withstand mechanical strength can be altered and increased to improve its characteristics, through annealing, cold working and tempering etc. It can also be improved with the addition of other materials and metals to create exotic alloys. These additions can often include zinc, magnesium, copper and silicone. However, due to the nature of this experiment the exact aluminium alloy of the sample was not specified, so an educated guess regarding its comparison to basic aluminium alloys was made.
Common alloys which are untreated, annealed and have 0 temper, would possess a yield stress of around 34 MPa to 75 MPa, and a tensile strength of 90 MPa to 185 MPa. When comparing these results to those recorded in the science lab, tensile strength and yield strength were both respectively recorded at 170 MPa and 100MPA to 12MPa. Considering that both results stated, where conducted in room temperature environment, and all future comparisons will also be, suggests that the aluminium alloys tested in the science lab, were not totally comparable to those derived from research. Additionally, the percentage of elongation for a common, untreated and 0 temper, aluminium alloy was 20% to 40%, in comparison to 6.8% elongation in the lab. 
As cited by Callister 2007, referenced in Aluminium Alloys – Yield Strength and Tensile Strength, more suitable aluminium alloy (like the one tested), would be aluminium alloy 356.0 as cast, not heat treated and un - tempered. With a yield stress of 124 MPa and a tensile strength of 164 MPa, it's a much better comparison, even down to the percentage of elongation at 6%. This could also be considered a more common aluminium alloy. 

The second sample tested was duralumin, and being a lesser-known aluminium alloy, it's partially made up of copper, around 4%. When forged, duralumin is quenched when hot and then allowed to slowly harden by cooling over a long period of time. This alters its metallic structure, giving it improved strength and hardness. Its stated tensile stress is 450 MPa and its yield stress is 300 MPa (Material Properties, 2021).

The comparison to the results recorded in the lab are unclear, as there was no sufficient data recorded during the sample test. This was due to the layout of the table and method used during the elongation of the sample. When approaching the end of the test and when filling out the table, the method directs to increase the number of turns applied to the sample between recording its elongation. Due to this an insufficient lack of data was recorded leaving a blank spot in the graph, and making it unclear where its yield point is. The graphs trajectory would have likely been like that of an aluminium alloy, with a linier elastic region, a semi gradual transition towards its yield point and a gradual continuation of the curve up to its breaking point, However, the lab tested duralumin displays a lower tensile stress than its yield.
Its tensile stress as 240 MPa and estimating its yield point to be around 250 MPa to 300 MPa. These results are not only a few 100 MPa less than what was expected but are re also not in proportion to the expected yield and tensile stress reading (Material Properties, 2021). However, the results leading up to the predicted yield point have a similar gradient and rate of increase when compared to the aluminium lab sample and continue at the same rate but to a greater magnitude. This is expected from both aluminium alloys at this temperature.  

For a mild steel such as Structural ASTM-A36 with a carbon content of no more than 0.29%, it’s considered a common mild steel. It should have a tensile stress of 400 MPa and a yield stress of 250 MPa, along with a percentage elongation of 20% (World Materials, 2019). The results collected from the lab however showed yield stress of 150 MPa and a tensile stress of 300 MPa, along with a comparable percentage elongation of19.35 %. Despite this the results don’t compare well with those that should be consistent with this material. The shape of the curve is not typical and does not display the typical upper and lower yield points for this graph. Rather there is a sudden yield point and then it gradually trails off. This may have been due to a lack of heist when recording the data in the lab session, allowing for greater inaccuracies to occur.
Finally, the last set of results that were recorded and tested in the lad where the plastic (PVC) samples. The lab recorded a tensile strength of 6 MPa and a yield point of 12.5 MPa. In comparison to results found elsewhere, similarly others recorded a yield stress of 12 MPa and not so comparable a tensile stress of 40 to 55 MPa (Malak, 2021).Both sets of data stated that they were performed in room temperature conditions. However, understanding that discrepancies can largely change the performance and characteristics of the PVC. Even during the recording of data in the science lab, there were clear differences in results throughout the groups. 
Different variants of the thermoplastic must be considered and that this material degrades over time. The graph created from the lab shows a prominent upper and lower yield point, which is not expected from a thermoplastic like PVC. The unusual nature of the curve towards the end of the graph may be caused by an increased temperature in the plastic, and may have altered the results, causing more inaccuracies throughput the experiment. 


Evaluation
The most prominent way in which we eliminated errors was by reducing human error as well as ensuring that due consideration was given to controlling external factors. This was achieved by using the same person for the same repetitive task, measuring within the range of the apparatus, considered general temperature change and variation day to day and by improving the reliability of results by being methodical in our methods (taking DTI measurements quickly to reduce diminished results, turning the handle and applying the load smoothly). We also eliminated simple mistakes when recording data and forming graphs, double checking everything with each team member. 
 
Further work
Given unlimited time and resources, the best way to improve this experiment would be to fully understand all external factors that would affect and may be included in the experiment, readings, materials and apparatus (Fischer Technology, 2017). Additionally, being able to electronically record DTI data while simultaneously and continually applying load to the sample, would minimise human error, thus further supporting the data. Repeating the experiment to minimise anomalies would further reduce the error rate and would improve the experiments' reliability (HBK World, 2024). 
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Aluminium

loadnut  DTI Length extent strain  stress force (N) areamm2
0 0 31 0 0 0 0o 171
02 011 31 009 0.0029 6.43275 1 171
04 026 31 014 000452 15.2047 26 171
06 044 31 016 000516 25.731 4 171
08 063 31 017 000548 36.8421 63 171
1 o081 31 019 000613 47.3684 81 171
12 1 31 0.2 0.00645 58.4795 100 171
14 118 31 022 0.0071 69.0058 18 171
16 136 31 024 000774 79.5322 136 171
18 154 31 026 000839 90.0585 154 171
2 172 31 028 000903 100.585 172 171
22 189 31 031 001 110.52% 189 171
24 205 31 035 001129 119.883 205 171
26 218 31 042 001355 127.485 218 171
28 228 31 052 001677 133.333 228 171
3 24 31 0.6 001935 140.351 240 171
32 246 31 074 002387 14386 246 171
34 257 31 083 002677 150.292 257 171
36 267 31 093 003 15614 267 171
38 271 31 1.09 003516 158.48 71 17
4 275 31 125 004032 160.819 275 171
42 279 31 141 004548 163.158 279 171
44 283 31 157 005065 165.497 283 171
46 284 31 176 005677 166.082 284 171
48 288 31 192 006194 168.421 288 171

5 2.88 31 2.12 0.06839 168.421 288 1.71
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