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1.0 Introduction.

There are several different types of rubber such as natural, silicon and butyl.  These types of rubber are all produced differently with varies compounds and chemicals, but all types share some common key properties. 

One of those common properties is durability, this material is able to withstand damage from high impacts and abrasion. As well as being durable, a variety of different types of rubber can contract when heat is applied to the material. Another common property of rubber is elasticity, this means that the material is able to return to its original shape after being compressed or stretched due to its molecular structure. This can be demonstrated by a rubber band; which I will be experimenting with as this can show the effects of stress and strain on the material.

Other properties include;
· Hardness
· Tensile Strength
· Tensile Modulus
· Elongation
· Resilience
· Compression Set
· Tear Resistance
· Abrasion Resistance
· Specific Gravity
(Elasto Proxy. 2022)





















2.0 Experiment Set Up.

To demonstrate the properties of rubber, an experiment can be undertaken using various amounts of force and from this the amount that the rubber stretches can be measured. To showcase this, I will need the following equipment;
· Measuring surface with hook
· Measuring tape
· Vernier Calipers
· Force Gauge/Weighing Scales
· Elastic band samples
· Carabiner
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To set up the equipment for the experiment, the elastic band sample must be attached to both the hook and force gauge via the carabiner. This allows the user to apply force and stretch the elastic band for measuring. The measuring tape can then be aligned with the top of the band on the hook and used to measure the length of the band when pulled at various forces. The results of the lengths that the elastic band samples reach at the various forces can then be documented in table, the experiment can be repeated until the sample breaks. For this particular demonstration myself and my partner Luke Prance will be using 3 different elastic band samples, we have used the Vernier calipers to measure the length and width of these samples before beginning. 
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3.0 Data Collection.

Before taking the force and stretch measurements, the 3 different elastic band samples were measured with a Vernier caliper and the results are shown below. 3 different width examples were selected so that comparisons could be made from the results. From this the total area and cross-sectional area were calculated so that the true stress and true strain calculations could be produced.
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From the experiment the following results were recorded for the 3 different samples, each of the samples were stretched until they broke so that we could gain a wide range of results and also see what the ultimate tensile strength of each sample was.
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When collecting these results, precautions were always taken to ensure that measurements were as accurate as they could possibly be with the available equipment. We ensured that the force gauge used was always zeroed, the measuring tape was set at the same nominal position and the Vernier calipers used to measure the elastic band samples was accurate and reliable. These could not be calibrated as they were metal.
4.0 Stress & Strain Graphs.

From the raw results, an engineering stress and strain graph can be completed. An engineering stress and strain graph can be used to show the relationship between the stress and strain of a chosen material. The graph below shows the stress and strain relationships of the 3 chosen rubber bands that myself and Luke collected results for.
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The circled area of the graph and the trend lines for the samples highlight the Youngs modulus of each sample, this is essentially the gradient of each sample on the graph. 
From The University of Birmingham’s website I know that ‘The Young’s modulus (E) is a property of the material that tells us how easily it can stretch and deform and is defined as the ratio of tensile stress (σ) to tensile strain (ε). Where stress is the amount of force applied per unit area (σ = F/A) and strain is extension per unit length (ε = dl/l).’ (University of Birmingham. 2022). 
At this point of the graph the strain is proportional to the stress on the material, but this will vary depending on the material of each sample as well as the cross-sectional area. Each of the 3 samples have a similar Youngs modulus figure of around 100000N/m2, I believe that this is due to each of the samples being produced from the same type of rubber. The difference in the Youngs modulus figure for each of the 3 samples will be a result of the different cross-sectional areas of each. If different types of rubber were used in this demonstration you could expect to see more varied figures for Youngs modulus.

You can then calculate the true stress and strain results. True stress and true strain are used to gain an accurate representation of the behaviour of materials when force has been applied to them. One source says, ‘True stress is the stress determined by the instantaneous load acting on the instantaneous cross-sectional area.’ And ‘True strain is logarithmic and engineering strain is linear. However, it appears to be almost same for small deformation owing to small values in Taylor expansion.’ (Yasincapar. 2022) 
The results for the 3 samples that myself and Luke had measured are demonstrated below.
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From the true stress and strain graph it is apparent that the true stress of each sample is considerably higher than the engineering stress, from this the ultimate tensile strength of each sample can be calculated. The ultimate tensile strength is the amount of stress that a material can withstand before it breaks, this links into the yield point which is the point at which a material will begin to deform and will not return to its original state. As rubber has great elasticity and tensile strength properties, the material can be expected to have a high ultimate tensile strength and it can also be stretched for a prolonged period after its yield point before eventually breaking.

The ultimate tensile strength for each can be seen below;
Sample 1 ultimate tensile strength = 6.7N/mm2
Sample 2 ultimate tensile strength = 15.1N/mm2
Sample 3 ultimate tensile strength = 15N/mm2

From this, if based solely on ultimate tensile strength, the most suitable rubber would be sample 2. This graph can be split into 2 regions, the plastic region and elastic region. The elastic region demonstrates a period when the material is able to withstand stress without any deformation and can maintain its original shape.
On the other hand, the plastic region demonstrates the area of the graph that the material begins to deform and will not be able to regain its original shape, before eventually breaking.

Another property that the true stress and strain highlights is the hardness, as each of the lines has a curved shape. This demonstrates the material hardening as it is stretched, sample 3 shows this property best as it has a rapid incline. Rubber is known to have great hardness properties as one source highlights, ‘The chemical structure of the elastomers provides them with an inherent hardness that can be altered.’ (AZoM.com. 2022) An increase in the hardness of the material will lead to a steeper incline in the results recorded. From the 3 samples that were used for this experiment, sample 3 would be the best suited for designers looking for a rubber with great hardness properties.


5.0 Further Analysis.

The use of stress and strain graphs is significantly beneficial to product designers when they are trying to identify suitable materials for their product, experiments can be conducted with various different materials and then they can be compared against one another. The engineering stress and strain graph can be particularly useful to designers who want to be able to predict the behavior of the chosen material when withstanding different forces.
From the results of the experiment, if a designer was looking for a rubber with a high ultimate tensile strength, they would pick sample 2. Whereas if they were looking for a rubber with great hardness properties, they would choose sample 3, as it has a great stress to strain ratio highlighted by the curved line on the graph.

Although precautions were taken to ensure that the results being recorded were taken as accurately as possible, there was still some potential error and variation. One of these sources of potential error was the hook and board that the elastic band samples were attached too for measuring, this board was not secure and could move when considerable force was applied to the elastic. This could have resulted in inaccuracies in the forces applied, particularly the higher amounts of force. To improve this, the board should have been screwed into the workspace that was used, as this would have ensured that the force applied would not have moved the hook and board. However, this was not feasible in this particular case as the experiment was conducted in my partners Luke’s kitchen.
If the budget of the experiment was increased, I would also invest in a more accurate type of measuring device as an alternative to the measuring tape. A great alternative would have been a laser powered measuring device, these devices are compact and typically used for construction and building purposes. This would have been a more accurate and repeatable method for measuring the lengths of the stretched elastic band samples, from this the results for the stress and strain of each sample would have been more reliable.

The band samples could have been better prepared by being stretched or applying heat to them before use. By applying heat to the rubber samples and increasing the temperature of the material, the particles of the rubber expands and this increases the elasticity of the material and therefore allows it to withstand more force. By stretching the elastic band you also create heat, so that by applying a small amount of force before the experiment you could improve the properties of the rubber. 

The force gauge used for the experiment was a set of standard weighing scales, that would usually be used to weigh household items. This meant that the recorded force from the scales could be considered to be unreliable, as they have not undergone caliration testing and they are not designed to be used for this application. The weighing scales used were low cost and allowed us to successfully gain a set of results for each of the 3 samples, it is also worth noting that the scales were easy to use and also efficient. However there are some devices that would have been more suitable to use such as a digital force gauge, which has been specifically deisgned to carry out push and pull tests. Once the digital force gauge has been calibrated, it would be the most suitable device for this experiment, however this would be a more expensive method than the weighing scales that were used.

6.0 Conclusion.

Before measuring and taking results for this experiment, a recording of the room temperature was taken. The temperature of the room that the experiment was conducted in was 16.8 degrees Celsius, this was taken as a reference for analysis after the experiment as the temperature will have an effect on the properties of the material.
If the temperature of the room was to be increased, the particles of the rubber bands would increase in size and the material would become more elastic allowing it to withstand more force. If the temperature was decreased, the particles of the rubber bands would contract and add strength to the material but decrease the resistance to force.
By having a room temperature environment around 17 degrees Celsius, we can have an idea of how rubber would react to different amounts of force in a standard scenario with no extremes influencing the results.
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If I was to repeat the experiment, I would take 3 sets of results, one at a freezing temperature, one at room temperature and another at a hot ‘sauna’ type temperature. This would give me a wider range of results and it would also allow me to compare the properties of the rubber at these different temperatures. This would however increase the cost of the experiment, whereas myself and Luke aimed to keep the budget of the experiment as low as possible. This would have also been more time consuming, which would have been a problem as we were working with the deadline set for the assignment.

With regards to the cost of the experiment, the aim that myself and Luke had set out was to keep the budget as low as possible. This proved to be a success as we kept the spending to a minimum and there was no detrimental effect on the results that we recorded. However, from my analysis it has become apparent that to get the most accurate and reliable results you must be willing to invest in better equipment. By investing in improved equipment, you can also receive more repeatable results which will also make them more trustworthy.
The other constraint of this experiment was time. As there was a deadline for submission, this meant that the method for gathering results had to be efficient. If I had an extended period of time, I would have collected a greater set of results and with different temperatures.
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