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1. [bookmark: _Toc184483715]Introduction
 This report consists of the analysis of tensile testing of various materials. It highlights the experimental procedure, the results and analysis, and the results are validated by identifying the materials with researched results.
 The report discusses how the experiment could be made better, as well as how errors were eliminated.

2. [bookmark: _Toc184483716]Experimental Procedure
 To determine the tensile strength of each of the materials, the tensile tester can be used. When conducting the experiment, it is important to do so safely and to follow the correct steps. Doing this will increase the chances of collecting accurate and reliable results.Figure 1 - Tensile Tester with Guard Fitted

Figure 2 - Tensile Tester with Guard Removed




Figure 5 - All Specimens after Failure
Figure 4 - Specimen after Failure
Figure 3 - Tensile Tester with Specimen Fitted

 To begin the tensile testing experiment, the guard should be removed, figure 2, to allow for the two chucks that hold the specimen to be moved into the correct position using the load nut. From here, the specimen should be fitted using the hexagon tool to tighten the specimen fittings. The guard should then be refitted, figure 3, and the dial indicator should be set to 0. Now the experiment can begin safely.
 At the top of the tensile tester, there is the load nut which pulls the top chuck upwards. This will pull the specimen up by 1mm per complete turn. There is also a small notch, and a scale divided into ten increments to keep track of how far the control has turned on each turn. The load nut should be turned in equal increments, with the reading on the dial indicator noted each time, until failure, figure 4.
 After failure, the specimen should be taken out of the tensile tester by removing the guard and by using the hexagon tool to undo the specimen fixings. The elongation can then be measured by pushing the two pieces back together and measuring the final length (the original length must also be measured before the experiment).
 This process should be repeated for all of the specimens, figure 5.

3. [bookmark: _Toc184483717]Results
 Whilst in the lab, raw data was collected. This is essential data to calculate the values which will show how each material behaves during the testing process:
[image: ][image: ]
Table 2 - Aluminium Raw Data
Table 1 - Steel Raw Data

[image: ][image: ]
Table 4 - PVC Raw Data
Table 3 - Duralumin Raw Data

4. [bookmark: _Toc184483718]Analysis
 From the raw data, force and extension values can be calculated. These values can then be used to calculate the stress and strain. This data can be used to create graphs which are essential when identifying the yield point and tensile strength of each material.
The raw data can be used to calculate the values needed for the stress vs strain graphs. This was done by calculating the force (equation 1), the elongation (equation 2), the stress (equation 3), the strain (equation 4), and the extension (equation 5). To do this, various formulas were required:

                                                     (Equation 1)
                                                           (Equation 2)
                                                                                                                                    (Equation 3)
                                                                                                                  (Equation 4)
                                (Equation 5)
                                                                                                                      (Equation 6)

 The calculations can be performed in excel and put into a spreadsheet to display the information clearly and so that graphs can be created easily.

[image: ]Table 5 - Steel Spreadsheet




 Figure 6 - Steel Stress Vs Strain Graph

 The ultimate tensile strength (UTS) is the maximum stress before a material breaks. During the experiment, this is found to be around 377MN/m2, figure 6.
 The yield point can also be found using the graph. Looking at the line which is drawn at the end of the material’s elastic region, it is seen to be around 218MN/m2, figure 6.
 The elongation can also be found using the original and new length of the material, equation 2, using these values, it can be seen to be 7.5mm, table 6.
 Using the table, figure 6, the gradient of the elastic region can be found to compare with the stiffness of the material. , equation 6.

[image: ]Table 6 - Aluminium Spreadsheet







 Figure 7 - Aluminium Stress Vs Strain Graph

 Looking at the graph, figure 7, the maximum stress before failure is around 162MN/m2. This is the UTS of the material.
 Using the graph, figure 7, the yield point can be found. In the graph, this can be seen to be around 106 MN/m2.
 Using equation 2 and table 6, the elongation can be calculated. Finding the difference between the final length and the original length gives the elongation to be 2.6mm.
 The gradient of the elastic region can be calculated, equation 6, to compare with the stiffness of the material. 

[image: ]Table 7 - Duralumin Spreadsheet



 The UTS of the material is around 255MN/m2. This is shown on the graph, figure 8, and is the maximum stress before the material breaks. The yield point can also be found using this graph and is seen to be 212.5MN/m2.Figure 8 - Duralumin Stress Vs Strain

 The elongation can be calculated, equation 2, using the final lengh and original length. This is found to be 4mm.
 The gradient of the elastic region can also be calculated, equation 6. 
 The gradient of this duralumin specimen () is similar to that of the aluminium specimen (). This is most likely because the materials will have a similar microstructure. Duralumin is an aluminium alloy, which explains why it has a very similar gradient to an aluminium specimen.

[image: ]Table 8 - PVC Spreadsheet



 The yield point of the material is shown by the orange line, figure 9, and is the highest point of the elastic region, this point is 15.5MN/m2. The UTS can also be seen on the graph at the purple line and is shown to be 15.5MN/m2.Figure 9 - PVC Stress Vs Strain

 Using the final length and the original length, the elongation can be calculated, equation 2, to be 12.1mm.
 The gradient of the elastic region can also be calculated, equation 6. 

5. [bookmark: _Toc184483719]Conclusion
 After conducting all the tensile testing, it is important to validate the identification of the material specimens. This can be done by comparing the results found in the lab, with published data online.
 In the lab, the steel specimen had a UTS of 377MN/m2 of and a yield point of 218MN/m2. MatWeb (2024a) validates these findings with their data on steel having a UTS of 372-2310MPa and a yield strength of 203-2000MPa.
The aluminium specimen in the lab had a UTS of 162MN/m2 and a yield point of 106MN/m2. Researching data on aluminium specimens validates these results and finds aluminium to have a UTS of 45-205MPa and a yield strength of 10-165MPa (MatWeb 3034b).
 In the lab, the specimen identified as duralumin had a UTS of 255MN/m2 and a yield point of 215.5MN/m2. This can be validated with researched results stating that state that aluminium alloys have a UTS of 0.7-1600MPa and a yield strength of 1.24-730MPa (MatWeb 2024c). Although this is a very large range for the duralumin specimen to fit into, it does confirm that that the specimen is an aluminium alloy, which duralumin is.
 The PVC specimen in the lab had a UTS 15.5MN/m2 of and a yield point of 15.5MN/m2. MatWeb (2024d) validates these findings with their PVC data having a UTS of 9-53.8MPa and a yield strength of 30-65MPa.

6. [bookmark: _Toc184483720]Evaluation
 During the experiment, it was important to eliminate errors as far as possible. To ensure this, various measures were taken:
 One person was allocated to a particular task during each test. For example, one person would turn the load nut while another would read the reading on the dial indicator. This meant no single person had to focus on more than one thing at a time.
 During the testing of PVC, extra steps were taken to eliminate errors. Whoever was reading the dial indicator and turning the load nut would not stop to write down the reading in between turns. Instead, another team member would record the reading for those turning and reading so they did not have to focus on anything else. This was important as the changes on the dial indicator for PVC can be very small, so it is important to have full focus and ensure that a constant force application rate was achieved.
 Ultimately, it was important to take an organised approach to the tensile testing experiment. The measures taken to ensure this were the reason that the results were as accurate as possible with minimal errors.

7. [bookmark: _Toc184483721]Further Work
 If given unlimited time and resources, there are various ways that the experiment could have been improved.
 The temperature of the room in which the experiment was conducted could have been slightly increased. This would allow for improvement as at the time of the experiment, the room was quite cold. This ultimately led to slightly early material failure than expected.
 A tensile tester that is electronically connected to a software system that automatically records all the data could have been used. This would have eliminated any inaccuracies that were possibly made when reading the dial indicator, and a stress vs strain graph could have been made automatically, without the use of Excel. 

8. [bookmark: _Toc184483722]References
MatWeb (2024a) Overview of materials for Medium Alloy Steel. Available at: https://www.matweb.com/search/DataSheet.aspx?MatGUID=f7666326ceb3482f87a9f41ace1d1fb0 (Accessed: 7 December 2024).
MatWeb (2024b) Overview of materials for 1000 Series Aluminum. Available At: https://www.matweb.com/search/datasheet.aspx?MatGUID=38e1c167c7ea4dfebf80778b29ae71cf (Accessed: 7 December 2024).
MatWeb (2024c) Overview of materials for Aluminum Alloy. Available At: https://www.matweb.com/search/datasheet.aspx?MatGUID=ab8aeb2d293041c4a844e397b5cfbd4e (Accessed: 7 December 2024).
MatWeb (2024c) Overview of materials for ABS/PVC Alloy. Available At: https://www.matweb.com/search/DataSheet.aspx?MatGUID=85e34fa76c6d40339eb8f65fc0ebfe58 (Accessed: 7 December 2024).
Steel - Stress Vs Strain
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Duralumin - Stress Vs Strain
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PVC - Stress Vs Strain
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8000000

7500000

9500000

8500000

8000000

8500000

7500000

8500000

9000000

8000000

8000000

12000000

10000000

8000000

7500000

7.0 0.20 20 6.8 0.219354839

6.0 0.24 24 5.76

9.0 0.15 15 8.85 0.285483871

8.0 0.16 16 7.84 0.252903226

0.185806452

5.0 0.16 16 4.84 0.156129032

4.8 0.16 16 4.64 0.149677419

4.6 0.18 18 4.42 0.142580645

4.4 0.17 17 4.23 0.136451613

4.2 0.15 15 4.05 0.130645161

4.0 0.17 17 3.83 0.123548387

3.8 0.16 16 3.64 0.117419355

3.6 0.17 17 3.43 0.110645161

3.4 0.19 19 3.21 0.103548387

3.2 0.15 15 3.05 0.098387097

3.0 0.16 16 2.84 0.091612903

2.8 0.16 16 2.64 0.08516129

2.6 0.16 16 2.44 0.078709677

2.4 0.17 17 2.23 0.071935484

2.2 0.17 17 2.03 0.065483871

2.0 0.17 17 1.83 0.059032258

1.8 0.18 18 1.62 0.052258065

1.6 0.23 23 1.37 0.044193548

1.4 0.31 31 1.09 0.03516129

1.2 0.31 31 0.89 0.028709677

1.0 0.29 29 0.71 0.022903226

0.8 0.25 25 0.55 0.017741935

0.6 0.19 19 0.41 0.013225806

0.4 0.13 13 0.27 0.008709677

Stress (N/m

2

)

Load Nut 

Movement (mm)

Dial Indicator (mm) Force (N) Extension (mm) Nominal Strain (ε)

0.2 0.06 6 0.14 0.004516129

0 0 0 0 0

Specimen Material: PVC                                                                                                                                                                                                 

Original cross-sectional area (m

2

): 0.000002m

2

 (0.002m X 0.001m)                                                                                                                                                                         

Original Length: 31mm    New Length: 42.8mm
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