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1. Introduction 
All materials have a point of failure of which when more force is applied, the material will no longer stretch and will fracture/break. This assignment sets out to find the extension undergone by a strip of material due to an increasing force being applied to it. This can be used to calculate the stress and strain in the tested material to find the yield point and tensile strength. The yield point is the amount of force required for the material to act plastically / to no longer return to its original length when no force is applied. Finding the tensile strength and the yield point of a material is often a deciding factor in which material is chosen for an engineering application. 

2. Experimental Procedure 
During this experiment, 4 Materials were tested: Steel, Aluminium, Duralumin and PVC. To test these we use specimens, small strips of material cut with holes in each end to secure to the tensile tester. Base measurements of the specimens are taken to find the original lengths and Cross-sectional area. The specimen is then placed and secured into tensile tester and load nut is turned slightly to remove any slack before zeroing the dial indicator. After fitting the safety screen and with someone sitting at eye level with the dial indicator for more accurate readings, someone turns the load nut 2 notches from the start (0.2mm) and dial indicator values are recorded. This is repeated for every 0.2mm until 5mm is reached then continue by turning the load nut 1 whole turn (1mm) until reaching 10mm. After acquiring values for 0-10mm, measure in 10mm increments until the specimen breaks.  
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Once specimen has broken, it can be removed and remeasured to find the new length to calculate the percentage elongation. The dial indicator readings are used to calculate the Force (N) and Extension (mm) at each turn of the load nut. These can be used to calculate the stress on the specimen using – Load Nut 
Material Specimen 
Safety Screen 
Dial Indicator

                               Change in Length (mm)
Strain =      ----------------------------------
                                  Original length  (mm)









And the nominal strain on the specimen using – 
                                                                                   Force (N)         
Stress (N/mm^2)  = -----------------------------------
                                                         Cross-Sectional Area (mm^2)




This data can be used to plot Stress vs Strain graphs for each material to compare yield stress and stiffness between materials. 
3. Results 

Steel                                                                              Aluminium 
Original Length = 31mm                                              Original Length = 31mm
Cross sectional Area = 1.8x10^6 m^2                  Cross sectional Area = 1.8x10^6 m^2
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Duralumin                                                                      PVC
Original Length = 31mm                                                  Original Length = 30.7 mm
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Description automatically generated][image: ]Cross sectional Area = 2x10^6 m^2                          Cross sectional Area = 2x10^6 m^2
                         

                                        


















4. Analysis 
The data gathered, shown in Chapter 3, is converted into Force and Extension and used to produce the Stress vs Strain graphs below –  
Tensile strength = 302.22x10^6 Nm^-2
Yield Stress =           181.11x10^-6 Nm^-2
% Elongation = 24.52



Tensile Strength =    162.22x10^6 Nm^-2
Yield Stress =                97.78x10^6 Nm^-2
% Elongation = 8.39



Tensile Strength =  255.5x10^6 Nm^-2
Yield Stress =             220.5x10^6 Nm^-2             
% Elongation = 12.9



Tensile Strength =              8x10^6 N/m^-2
Yield Stress =                 15.5x10^6 Nm^-2
% Elongation = 39.41




5. Conclusion 
The material with the highest yield stress was Duralumin but the material with the highest tensile strength was steel which also had a significantly higher elongation. PVC experienced the largest elongation before breaking as after its yield point (elastic limit) the stress on the material decreased drastically.
Steel 
An expected value for tensile strength of non-alloy structural steels is between 360-550 MN/m^2, we collected 303.22 MN/m^2 which is relatively lower, this may be due to a difference in the thickness of material used and the temperature at which the specimen was tested at. The same can be found for the yield stress, which was calculated as 181.11 MN/m^2 although the expected value for industrial application is between 235-440 MN/m^2 (Eurocode Applied, 2009). 

Aluminium
The yield stress collected from the data gathered for Aluminium was 97.78MN/m^2, this fits in the range of 76 - 483 MN/m^2 shown by Sunrise Metal depending on the alloy of Aluminium (2024). There are many alloys of Aluminium with tensile strength values ranging from 80 to 570  MN/m^2 (AZO Materials, 2005) , the calculated value of 162.22 MN/m^2 fits in this range. The alloy used in the experiment sat on the lower end of both ranges. There was also an outlier found at a Load Nut movement of 1mm after the Stress vs Strain graph was plotted, the specimen only extended 0.02mm, this may be result of human error in regards to turning the Load Nut. 

Duralumin 
The accepted yield stress of Duralumin in industry is around 300 MN/m^2, during our experiment, the yield stress of our specimen of Duralumin was 220.5 MN/m^2. As Duralumin has a low tensile strength to yield stress ratio the Tensile strength was not much larger at 255.5 MN/m^2 although an average tensile strength for duralumin is around 450 MN/m^2. This significant difference may be a result of material temperature and the speed at which the Load Nut was rotated (Material-Properties,2024).

PVC 
According to the European Council of Vinyl Manufacturing, an expected tensile strength for PVC is between 6.9 and 25 MN/m^2 (2024), we reached a result successfully between these boundaries with 8 MN/m^2. Unlike the other materials, PVC has a yield stress higher than its tensile strength, this is due to the decrease in force in the specimen after passing its yield point as it is very ductile. The yield stress gathered for PVC was 15.5 MN/m^2 although the average is 45.8 MN/m^2 (MatWeb,1999).

6. Evaluation
This experiment has a high probability of error but can be mitigated through working precisely and carefully and using proper communication between colleagues. One way errors were eliminated was by having multiple people in the group checking each measurement before and after to ensure that readings were accurate and final elongation was correct to more effectively compare between metals. Another area included in the method to eliminate error was ensuring that an individual was sat at eye level directly in front of the dial indicator while the load nut was being turned, this ensured that dial indicator readings were not read from an awkward angle and were correct. The same procedure was used for each specimen and results were compared at the end of each to see any missed results or recording errors, this also helped to identify and discuss outliers and possible problems which may have occurred. 
7. Further Work 
Given that the experiment could be repeated with more time and more resources, I would acquire more information on the materials used in the experiment e.g. which alloy of Aluminium is used, what type of PVC is used, this would have made it far easier to compare our results for tensile strength and yield stress to researched / expected results rather than taking an average or a large range. I would also use a digital dial indicator which records automatically at each interval as the dial indicator does not remain static and can be read incorrectly by humans. I would also use a programmed robotic system which turns the load nut with at a constant speed to apply a more linear force on the material to avoid the specimen breaking prematurely. 
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Aluminium Stress vs Strain
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Duralumin Stress vs Strain
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PVC Stress vs Strain
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18 26 231 231 0.29 0.009354839  128333333.3
19 2.8 2.48 248 0.32  0.010322581 137777777.8 o
20 3 266 266 034 0010967742  147777777.8 0 002 004 006 008 01 012 014 016
21 3.2 2.83 283 037 0.011935484  157222222.2 Strain
22 3.4 3 300 0.4 0.012903226  166666666.7
2 3.6 3.14 314 0.46 0.01483871 174444444.4
24 3.8 3.26 326 0.45 0.014516129 181111111.1 tensile strength = 302222222.2
25 4 3.4 340 0.6 0.019354839  188888888.9 Yield strength=181111111.1
26 4.2 3.52 352 0.68 0.021935484  195555555.6 % percentage elongation = 24.52
27 4.4 3.65 365 0.75  0.024193548  202777777.8
28 4.6 3.77 377 0.83 0.026774194  209444444.4
29 4.8 3.88 388 0.92 0.029677419  215555555.6
30 5 3.99 399 1.01 0.032580645 221666666.7
Bl 6 4.51 451 1.49 0.048064516  250555555.6
32 7 4.92 492 2.08 0.067096774  273333333.3
3 8 5.2 520 2.8 0.090322581  288888888.9
34 9 5.3 530 3.7 0.119354839  294444444.4
B5 10 5.44 544 456 0.147096774  302222222.2
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