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1 Introduction

The purpose of this paper is to explain the process of carrying out a tensile test on different
materials. This is very important for engineers to understand what happens to different materials they
may use. The four materials used in this experiment were Steel, Aluminium, Duralumin (Alloy) and
PVC. This report will show the results, in the form of tables and graphs, to give clear representation of
how each material reacted while tested. This test is destructive, meaning that each sample will be
broken to find the results needed. Information will be researched to gain knowledge in order to
improve the experiment and to gain more reliable and accurate results. By doing this precisely, it will

help in further research to know the strength and stiffness of the materials included.

2 Experimental Procedure

This is the procedure that explains how the experiment was carried out in the university. It is
important to follow the same procedure for each material test to ensure the results gathered

are as accurate as humanly possible.

e Firstly, the equipment needed is unpacked and laid out to make sure all parts are present

and are in good shape for it to be installed on to the back plate as seen in figure 1-1.

Figure 1-1

e Measure all materials before and after testing for base length and final length as this is

important to know to find out elongation percentage (Figure 1-2).

Figure 1-2
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e Figure 1-3 and figure 1-4 show the process of setting up the tester with each sample
being secured in the top and bottom chucks, it is important to make sure the nuts

holding the sample are tight and secure.

Figure 1-3 Figure 1-4

e Once the material is secure, place the guard over the tester and begin testing procedure.
e Turn the top load nut to apply the load to the material that is currently in the tester

(figurel-5)

Figure 1-5

e One person must keep an eye on the DTI gauge which shows the extension of the
material in mm and measure the result as accurately as possible.

e Turn the load nut in 0.2mm increments until 5.00 mm is reached then increase to one
full turn until 10.00mm after this, a full 10 turns should now be used up to 60.00mm.

e Keep turning the load nut until the material snaps and record the final reading on the DTI

into the table provided (figure 1-6)

Figure 1-6

e Remove guard and take out material and measure the new length of each material.

e Repeat all steps for all materials provided in the kit.
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3 Results

Below are the results for the tensile test. To find these results, three equations were used to find

Stress, Strain and young’s modulus.
c=F+A
Above is the equation for stress which is the force divided by the area of the material.
€ = change in length (1) =+ original length(L)

This is the equation for strain which is a ratio for the two distances, and is shown as a small number

(ne=x107-6).
And finally, young’s modulus which is - E = ¢ + ¢ this is used to find the stiffness of the material.

Steel was the first material that was tested. The results seen in figure 3-1 show that an error in
recording data must have happened since the results were not in the linear fashion as shown by other
tests carried out on the same material (CMRP, 2024). This anomaly may have happened due to the
results being read from a small DTI gauge attached to the test equipment. The result anomalies can be
put down to human error in reading the numbers on said DTl and copying them down incorrectly.
Steel should be a linear test as can be expected from a material known for its strength. Never the less,
the data recorded shows that the steel material reached its peak elastic region at around 152.77
N/mmA2 and its young’s modulus was calculated to be 20,086 N/mmA2. The material specimen started

at 30.9mm in length and ended up at 38.7 giving it a percentage of 25.24%.

Table 1-1 shows data gathered from steel tensile test Table 1-2 shows graph created from Stress and Strain

calculated results

Table 1-3 shows the graph of the elastic
region of steel to provide the Young's
modulus

Elastic Region

y=20086x - 6.5276
A" =0.9554

0.001 0002 0003 0004 0.005 0006 0007 0008 0.008
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Aluminium was the second material tested, and the raw data was collected as seen in figure 3-3
and converted into a stress against strain graph. The graph in figure 3-4 shows that aluminium is not a
very strong material as the elastic region is quite small. It did not take much effort to go beyond this
region and enter the plastic region. The aluminium was at the peak of the elastic region at around
84.21 N/mmA2 giving its young’s modulus to be 20,722N/mm*2 for this specimen. The elongation was
also measured before and after testing. The piece of material used started at 30.9mm and after testing

reached 33.7mm giving this elongation as a percentage it would be 9.06%.

Table 1-4 shows the data table for Aluminium Table 1-5 Shows the Stress and Strain graph for
Aluminium

A 258 and Strain

Table 1-6 shows the elastic region
graph for Aluminium

Elastic Region Stress and Strain

¥=20722:-8.5821

o 0001 0002 0003 0004 0005 0006 0.007

Duralumin was the next specimen to be tested. Duralumin is an alloy of aluminium, copper and
magnesium and is described as being strong and having more tensile strength than the aluminium its
alloyed with (AZO, 2013). The results show that duralumin was at the peak of its elastic region at 179.47
N/mm”2 and has a young’s modulus of 14,966 N/mm*2. The length of the original specimen before
testing was 30.9mm and its final length after testing was 33.2mm giving it an elongation percentage

of 7.44%.

Table 1-8 shows the stress and strain graph

Table 1-7 shows the data table for Duralumin .
. e R for duralumin
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Table 1-9 shows the elastic region

graph for Duralumin
Elastic Region Duralumin
250

200 ¥= 14956x+ 20061
R'=0.5904

0 0002 0004 0006 0008 001 001z 0014

Furthermore, PVC was the final material tested and the results of this showed an interesting graph
as PVC is a soft material and did not stay in the elastic region for very long. It peaked at around 12.63
N/mmA2 thus giving it a young’s modulus of 651.54 N/mmA”2. The rest of the graph showed an
interesting line as the material was trying to shrink back to its original length, giving it a 40.52

elongation percentage which takes its length from 30.6 mm to 43 mm after testing.

Table 1-11 shows the stress and strain graph for

Table 1-10 shows the data table for PVC PVC

Table 1-12 shows the elastic region graph
for PVC

Elaastic Region PVC

y=865154x+ 1.0832
12 R =0.9675

Stress

4 Conclusion

In conclusion, this experiment highlighted the results of a tensile test on different materials. The
data gathered from the materials tested do not support what was expected at the beginning.
Duralumin shows a relatively low young’s modulus while aluminium showed a high young’s modulus;
based on the predictions using prior knowledge, this result should be the other way around. This
could be because of the strain results being different per material overall bring the young’s modulus

results down with it. Meanwhile, the stress results support the general knowledge of materials as it
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shows Duralumin being able to handle a lot more N/mm*2 of stress while aluminium and PVC not

being able to handle as much.

5 Further work

To improve this experiment further given unlimited time, resources and manpower, digital
gauges could have been used to mitigate human error of reading results. Motors would have been a
good addition to accurately apply a certain amount of turns to the top load nut. In addition, more
time and materials could have been used to provide more accurate results as the experiment could
be repeated multiple times to then remove any anomalies in the recorded data. Using a UTM
(Universal Testing Machine) would improve the results due to it being all machine based. The results
would be more accurate and reliable and eliminating all human error is crucial for industries to gain
accurate results of materials. These machines apply a constant force which humans struggle to do
(ZWIC/ROEL, 2024). If this was used instead of turning the load nut by hand, the results would have
been more accurate and reliable for all materials thus giving out precise information to be used.
Further more machines are not always the answer, a balance of both is required to improve scientific
results, it is difficult to know when a machine is making accurate decisions and end up producing

worse results (ESMT, 2023).
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