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1. [bookmark: _Toc184662646]Introduction

This report aims to display and analyse the results of a tensile test lab completed at UWTSD. It will go over the results gathered during the test and analyse the data to find useful information which can tell us more about each of the samples. It will then go over the method used to carry out the experiment along with an evaluation on what techniques were used to increase the accuracy of results, on top of what potential adjustments could be made in future experiments to improve results.




















2. [bookmark: _Toc184662647]Experimental procedure

[bookmark: _Toc184662648]2.1. 	Pre-test preparations

Rigorously read the lab guidance notes. Then select the specimen you wish to test and use a vernier to measure both the thickness and width of the specimen. Attach the specimen to the tensile tester and set the dial to zero
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[bookmark: _Toc184662649]2.2.	Testing phase

Turn the load nut in a clockwise direction at a constant steady speed, in 0.2mm increments until you reach 5mm then switch the increments to 1mm until you reach 10mm extension, finally switch to 10mm increments until the specimen breaks.
Record the dial indicator after every step
[image: ][image: Image preview]

[bookmark: _Toc184662650]2.3.	Post test phase

After the specimen breaks remove it from the tensile machine. To check how much the specimen has extended, push the broken ends together and measure its new length. Next convert the dial readings into force values by multiplying them by 100. Subtract the dial indicator results from the load nut movement to find the extension at each stage of the experiment. Divide the extension at each stage by the original length to work out strain. Divide the force at each stage by the original cross-sectional area of the specimen to work out the stress




[bookmark: _Toc184662651]2.3.	Post test analysis 

Plot the stress/strain graphs of each specimen onto individual scatter graphs. Examine each graph to find the yield point at which the material stopped behaving elastically band then plot a new graph of the elastic region of each specimen. Finaly find the gradient of each specimen's elastic region to find the youngs modulus of the materials.




















3. [bookmark: _Toc184662652]Results

[bookmark: _Toc184662653]3.1.	Steel

[image: ]
Original cross-sectional area: 0.9mm x 1.98mm = 1.782x10^-6 m^2
Original length = 30.9mm
End length = 38.2mm
[bookmark: _Toc184662654]3.2.	Duralumin

[image: ]
Original cross-sectional area: 1mm x 1.9mm = 1.9x10^-6 m^2
Original length = 31mm
End length = 33.4mm





[bookmark: _Toc184662655]3.3.	Aluminum

[image: ]
Original cross-sectional area: 1mm x 1.94mm = 1.94x10^-6 m^2
Original length = 30.98mm
End length = 33.14mm






[bookmark: _Toc184662656]3.4.	PVC

[image: ]
Original cross-sectional area: 1mm x 1.9mm = 1.9x10^-6 m^2
Original length = 31.1mm
End length = 41.68mm



4. [bookmark: _Toc184662657]Analysis

[bookmark: _Toc184662658]4.1.	Steel
[image: ]

[image: ]


[image: ]





[bookmark: _Toc184662659]4.2.	Duralumin
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[bookmark: _Toc184662660]4.3.	Aluminum
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[bookmark: _Toc184662661]4.4.	PVC
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5. [bookmark: _Toc184662662]Conclusion

[bookmark: _Toc184662663]5.1.	Steel

[bookmark: _Toc184662664]5.1.1.	 Youngs modulus

For the tensile strength test of steel, the determined youngs modulus was 2x10^10 Pa. Comparing this to the most accepted value of 200 GPa (SUGNA, 2023) you can tell there is a significant difference in the theoretical answer and the measured one.

[bookmark: _Toc184662665]5.1.2.	 Yield stress

The measured yield stress for steel was 170 MPa which compared to the usual range of steel yield stress of between 200 MPa and exceeding 300 MPa (Unionfab, 2024) is slightly less than what should be expected for this sample, however this could be because of lower quality steel or another external factor.

[bookmark: _Toc184662666]5.1.3.	 Tensile strength

The measured tensile strength of the steel sample was 300 MPa, comparing this number to the typical tensile strength of steel which is between 400 MPa and 700 MPa (Econ Steel, 2024) you can see this is below the expected tensile strength of a typical steel sample.

[bookmark: _Toc184662667]5.1.4.	 Elongation

The measured elongation of steel in the test was 23.6%, compared to the usual measured extension of steel which is 10%-20% (Xometry, 2023). This is slightly atypical, however not far from the measured elongation.

[bookmark: _Toc184662668]5.2.	Duralumin

[bookmark: _Toc184662669]5.2.1.	 Youngs modulus

For the tensile strength test of duralumin, the determined youngs modulus was 10 GPa. Comparing this to the most accepted value of 76 GPa (Nuclear power, 2024) you can tell there is a large difference in the theoretical answer and the measured one.

[bookmark: _Toc184662670]5.2.2.	 Yield stress

The measured yield stress for duralumin was 220 MPa which if you compared to the usual duralumin yield stress of around 450 MPa (Chem Europe, 2024) is less than what typically would be expected for this sample.

[bookmark: _Toc184662671]5.2.3.	 Tensile strength

The measured tensile strength of the duralumin sample was 2.7x10^8 Pa, comparing this number to the typical tensile strength of duralumin which is between 420 MPa and 500 MPa (AZO materials, 2013) you can see this is around half the expected tensile strength of a typical duralumin sample.

[bookmark: _Toc184662672]5.2.4.	 Elongation

The measured elongation of duralumin in the test was 7.7%, compared to the usual measured extension of aluminum which is 22% (AZO materials, 2013). This is very different, and shows the sample tested had a low strain before breaking.




[bookmark: _Toc184662673]5.3.	Aluminum

[bookmark: _Toc184662674]5.3.1.	 Youngs modulus

For the tensile strength test of aluminum, the determined youngs modulus was 5 GPa. Comparing this to a typical value of 73 GPa (Britannica, 2024), you can tell there is a large difference, this maybe due to a different aluminum composition or the temperature while testing.

[bookmark: _Toc184662675]5.3.2.	 Yield stress

The measured yield stress for aluminum was 110 MPa which if you compared to the usual aluminum yield stress of around 390 MPa (Matweb, 2024) you will see it is only around a third of what's expected.

[bookmark: _Toc184662676]5.3.3.	 Tensile strength

The measured tensile strength of the aluminum sample was 140 MPa, comparing this number to the typical tensile strength of aluminum which is around 310 MPa (Gabrian international, 2024) you can see this is massively underneath the expected tensile strength.

[bookmark: _Toc184662677]5.3.4.	 Elongation

The measured elongation of aluminum in the test was 7%, compared to the usual measured extension of aluminum which is 8% (Italpres, 2024). This is very similar to the measured result.




[bookmark: _Toc184662678]5.4.	PVC

[bookmark: _Toc184662679]5.4.1.	 Youngs modulus

For the tensile strength test of PVC, the determined youngs modulus was 9x10^8 Pa. Comparing this to a typical value of 3.7 GPa (Oxford reference, 2024) there is quite a difference in the theoretical answer and the measured one however this was likely due to environmental factors.

[bookmark: _Toc184662680]5.4.2.	 Yield stress

The measured yield stress for PVC was 18 MPa which if you compared to the usual PVC yield stress of around 3.45 MPa to 73.1 MPa (matweb, 2024) you will see it is exactly in the band of expected results.

[bookmark: _Toc184662681]5.4.3.	 Tensile strength

The measured tensile strength of the PVC sample was 14  MPa, comparing this number to the typical tensile strength of PVC which is around 16 MPa (Oxford reference, 2024) you can see this is very close.

[bookmark: _Toc184662682]5.4.4.	 Elongation

The measured elongation of aluminum in the test was 34%, compared to the usual measured extension of aluminum which is between 30% and 40% (Material science and engineering, 2007). This is exactly in the range of expected results.





6. [bookmark: _Toc184662683]Evaluation

Both before and during the experiment, we took several practical precautions. We did this in the hope of improving both the consistency and accuracy of our results as well as the future repeatability of the experiment by other students.

[bookmark: _Toc184662684]6.1	Knob dial speed

One of the most critical steps we took was keeping the rate at which the dial knob was rotated at a slow consistent speed. To do this, we kept the same person turning the knob for all specimens, this ensured that the force applied to the sample didn't suddenly increase which could cause a premature fracture in the material.

[bookmark: _Toc184662685]6.2	Reading of Digital Thickness Indicator (DTI)

Another step we took was we made sure that one person always had a clear view of the DTI, and they were the one calling out the results in order for other people to write them down. We did this to ensure the timing the measurements were taken were consistent along with eliminating viewing errors like parallax error.

[bookmark: _Toc184662686]6.3	Experiment environment

Additionally, we kept the lab environment the same throughout the test, this was done to minimize potential errors which may arise from variables such as temperature, air pressure and humidity. Factors from the environment can greatly affect material properties especially materials such as PVC (ASTM, 2022). By keeping these the same thought we aimed to minimize discrepancies in our results.




7. [bookmark: _Toc184662687]Further work

If this experiment were to be repeated with unlimited time and more resources, its accuracy and repeatability could be improved in a few critical areas.

[bookmark: _Toc184662688]7.1.	Environment

The first improvement which could be made is better control of the storage and test environment. Although the environment stayed consistent throughout all 4 samples and during each test the temperature, air pressure and humidity were all not controlled. This is especially important as on the day, the lab was quite cold which increases how brittle materials are (ASTM E28-18, 2022), which will have affected the results. If repeated the storage and experimental environment should be kept at industry testing standards.

[bookmark: _Toc184662689]7.2	Digital dial indicator

Another option to increase the accuracy and consistency of results is to use a digital dial indicator. This will eliminate human causes of errors such as reaction time and parallax error. In turn this will make it more repeatable as everyone has different reaction times and a computer will be constant.

[bookmark: _Toc184662690]7.3	Load nut movement

Finally having a machine control the load nut movement would ensure a smooth and uniform force is applied on the sample at each stage. This will eliminate large jumps in the force on sample which could change their measured properties.
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12| 0.97] o7] 023 50000000] 0.007424145|
1.4] 118 11 0.27| 58247422 0.0087153]
16| 15|  13) 0.28] _68041287.11] 0,009038089]
18] 149] 149 0,31 76804128.71] 0.010006456|
2] 163] 16 0,37 _84020618.56]_0.011943189|
29) 176] 176 0.44]_00721649.48] 0.014202711]
24 1es| 13 0.52] ©06907216.49] 0.016785023]
26 201 201 0.59| 103608247.4] 0.010044545|
28] 212 219 0,68 109278350.5] 0.021949645|
E 2.05] 226 0.74]_116494845.4] 0.023886378|
39 252 23 0,68 119567628.0] 0.028405423]
34 241 241] 0.95| 124226804.1] 0.081956101]
B 25 250] 11 128865079.4] 0.085506779|
34 2.55] 259 125] 131443000 0040848612
4 261 261] 1.30] 1345360825 0024867657
42 2.66] 266 154 1371134021 004970049
4] 268] 268 172] 1381243299 0.05551969)
28] 273] 273 187] 1407216495 0060861524
23| 275 275| 205 141752577.3] 0.066171724|

|Atuminium

vield point
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Stress/strain of Aluminium
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Elastic range of Aluminium
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image15.png
Load nut.

movement (mm) _|Dialindicator (mm) |Force (N) |Extension (mm) |Stress (N/m"2) |Nominal strain
0] 0] o o o o
02] 0.07] 7] 0.15] 3684210.526|_0.004180064|
04] 0.14] 14 0.26] 7368421.053]_0.008360129]
05| 0.21] 21 0.39] 11052631.56] 0.012540163]
0] 0.28] 28] 0.52] 14736842.11] 0.016720257]
1] 0.34] B 0.66] 17804736.84]_0.021221865|
12| 0.35] 35| 0.85] 1842105263 _0.02733119]
14] 0.22] 22| 1.18] 11578947.37] 0.087942122]
16] 0.17] 17] 1.43] 8947368.421]_0.045080707]
1] 0.16] 16 1.64] 8421052.632] 0.052733119]
2] 0.15] 1 1.85] 7894736.842| 0.050485521]
29| 0.16] 16 2.04] 8471052.632] 0.065504855|
24] 0.15] 15 2.05| 7804736.842| 0.072347267|
26| 0.16] 16 2.44] 8471052.632] 0.078456592]
28] 0.17] 17 2.63] 8947366.421] 0.084565916|
3 0.14] 14 2.86] 7368421.053| 0.091061415|
32| 0.16] 16 3.04] 8421052.632] 0.0077491%|
34| 0.18] 13 3.22] 0473664.211] 0.108536077]
3§ 0.15] 19 3.42] 0473664.211]_0.100967845|
B 0.17] 17 3.63] 8947368.421] 0.116720257]
4 0.16] 16 3.84] 8471052.632] 0.128472669]
23 0.16] 16 2.04_8421052.632] 0.120908537]
24 0.15] 15 2.5 7894736642 0.136655049|
25 0.15] 15 2.45] 7894736642 0.143086817]
23 0.16] 16 .64 8421052.632] 0.149106141]
5| 0.15] 15 .85 7894736.642] 0.155048553]
6] 0.15] 15 5.85] 7804736.842] 0.1881026%4|
7] 0.16] 16 6.84] 8421052.632| 0.210935691]
B 0.17] 17] 7.83] 8947368.421]_0.251768489]
q 0.15] 1 8.85] 7804736.842] 0.284565916|
10| 0.15| 15| 9.85| 7894736.842| 0.316720257|

Pvc

Vield
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Stress/Strain of PVC
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Elastic region of PVC
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