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[bookmark: _Toc72413992]Introduction

This assignment will cover the results of an experiment on tensile strength for multiple materials which was conducted as a part of practical session. The results of which will be analysed to find a result for Young's modulus and to be compared to understood behavior of each material under tension. 
The Youngs modulus of a material, as per The University of Birmingham (2024), determines how easily it can be stretched and deformed in a ratio between stress and strain on the wire. The Young’s modulus of each material is determined by the force times the total length over the cross-sectional area multiplied by the change in length. This allows us to predict the behavior of a material before we choose it.


















[bookmark: _Toc1365919003]Experimental Procedure
Springs
Load Nut
Top and bottom chucks
Dial indicator
Protective guard
Vertical scale
Top plate

To set up the experiment the tensile tester should first be attached to the work panel by bolting it through the back of the panel. Before putting any material under tension, each of the materials and cross-sectional area should be measured so that the values could be used later to calculate stress and strain. The material of choice should then be inserted into the tester with square washers including, using a hexagon bolt and an allen key to tighten the piece into place. The load nut should then be turned so that the piece can fit and is under tension before resetting the dial indicator to zero. At this point it is important to replace the plastic screen to prevent any pieces causing damage when braking. The materials used in this experiment are steel, aluminum, duralumin and PVC.
[image: ][image: ]
(Images of allen key in place and load nut)

To carry out the experiment on the metallic tests, one person should take readings on the dial while another would do incremental turns on the load nut. Each increment on the load nut relates to 1mm of movement while the dial indicator would measure the extension of the part down to an accuracy of 0.01mm. Then recorded an increment at a time up until 5mm when the increments were increased to 1mm at a time then 10mm at a time after a total of 10mm of turns has been reached. At all increments the extension of the metal was recorded. Once the piece had broken, the cover was removed and the metal released from the tester. The two pieces were then aligned and measured to find the final extension before reaching its breaking point. 
[image: ]
(Dial Indicator before being reset)
[bookmark: _Int_yakTAvgg]For the plastic test, the procedure was slightly different. To make sure the results were accurate results were taken while still turning the Load Nut to prevent any errors because of the plastic continuing to stretch under the same tension. This means the results need to be recorded quickly.
[image: ]
(The plastic after reaching its breaking point)
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For each of the different materials, data was collected during the experiment for the load nut movement, dial indicator and area. These values allowed calculation of the force and extension of the materials during the experiment, from which calculate the value for stress and strain on the material (using the formula stress= F/A and strain = ΔL/L). This then meant graphs for stress and strain could be plotted in order to review the results of the experiments. 

PVC
[image: ][image: ]

Final length = 52.6mm
% Extension = (52.6-31)/31 x 100 = 69.68% extension






Duralumin
[image: ][image: ]
Final length = 33mm
% Extension = (33-31)/31 x 100 = 6.45%

Aluminum
[image: ][image: ]
Final length = 33.2mm
% Extension = (33.2-31)/31 x 100 = 7.10%


Steel
[image: ][image: ]
Final Length = 37mm
% Extension = (37-31)/31 x 100 = 19.35%
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PVC:
[image: ](University Of Cambridge, 2008)


As seen on the graph above, it is clear to see that PVC has a very short elastic region. This is the region where Hooke's law still applies to the material so the formula of stress over strain can still be applied (Twigg, 1996, p. 71). This is in opposition to the other 3 materials as their period where Hooke's law applies is much larger. However, the elastic region is very long and flat. This is what is expected as can be seen from a plotted graph for a Polymer.  The expected value for the tensile strength of PVC during its elastic period is around 3Gpa (Vivindex, 2024) which is very similar to the collected value of 2.88GPa. However, a value for which differs is the value for yield strength as the value found for Youngs modulus was 700MPa when it should’ve been around 50MPa (MatWeb, 2024). The reason for this could be due to the air temperature in the room or the speed at which the material was put under increased tension. Another error with the graph and results is the inconsistent results between 0.15 and 0.30 on the strain axis. This again could be due to human error in reading or process.


Duralumin:
[image: ](Božič, Šircelj, 2011)

The shape of the curve is reasonably accurate compared to the curves researched for Duralumin. However, the curve produced has a curve at the beginning before the elastic region. This could be due to not having the gauge properly set up before taking readings. The value found for Youngs modulus during the elastic region was roughly 15GPa while the researched value is about 76GPa. This is fairly accurate as the results were within a factor of ten of the actual value.  The value found for the yield point was roughly 9.1GPa while the result from research was 0.3GPa (Values from: Nuclear-Power, 2024). This value is more of a difference than for the elastic region. However, this could be explained by the difference in the tempering of the Duralumin used though it may also be an error in the procedure. 


Aluminum:
[image: ](Ashrafian and Hosseini Kordkheili, 2021)

The curve for aluminum is very similar to the duralumin curve, however it broke under less significantly stress than duralumin. This is due to the nature of the aluminum alloy having better tensile strength and so is shown on the graphs and recorded results. The same error as duralumin has also been made on this graph however the curve is as expected. The Youngs modulus of the elastic region was found to be 10GPa whereas the researched value is about 70GPa (AZO Materials, 2024). This is similar being within a factor of ten so it could be down to a reading error when measuring the material or reading results. The yield value from our results is 9.41GPa however the true value only ranges up to about 0.5GPa (ALUK, 2020). This, again like duralumin, is further from what is expected but can depend on whether the aluminum is pure and if it has been tempered in any way. 


Steel:
[image: ](Chicago Metal Rolled Products, 2019)

Unlike the rest, the curve found for steel in the experiment is different from that researched online. It has a similar elastic period; however, it is different from the yield point through the plastic region to the breaking point of the material. The found value for Youngs modulus was 25GPa which is just over a factor of 10 off the researched value of 210GPa (Eurocode Applied, 1993). The value for the yield found was 160MPa which is much closer than the researched value is 250MPa (Austen Knapman, 2013). The reason for the low Youngs modulus value could be due to the grade of steel but also the readings used to calculate the value could be incorrect due to random and systematic errors during the measuring.

Brief Comparison:

Of the materials shown, Steel and Duralumin were the most brittle due to a shorter period after the yield point while Aluminum and PVC lasted the longest before reaching the fracture point. PVC also withstood the most force before breaking, however had by far the largest extension compared to the metals. PVC also had the shortest elastic period meaning that it had deformed before the metals would have. Duralumin, being an alloy of aluminum, had a similar curve to it however had a greater Youngs modulus and a longer elastic period. This means it can sustain a higher greater force before deforming; however, it is more brittle than aluminum. 





























[bookmark: _Toc1948771384]Evaluation and Further Work

Across the experiment, the results recorded were overall accurate aside from mistakes made in the results for the steel part. The way errors were limited was by:
· Remeasuring the parts in case of manufacturing differences
· Setting the dial to 0 before beginning measurements
· Using regular increments so outliers could be spotted 
· Using a controlled environment where the temperature and conditions wouldn't change
· The use of a micrometer to reduce systematic error

If the experiment was given unlimited time and resources, the readings should be repeated multiple times to make sure of an accurate result and use smaller increments so that more detail can be found on the graphs. This would result in more precise and accurate readings than was found in the experiment. It may also be of value to use a data logging machine to remove any human error in the recording of results. The effect of temperature could also be examined with more time to provide insight into the characteristics of the materials. 
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