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[bookmark: _Toc119349884]Introduction 
[bookmark: _Toc119349885]The Task
The purpose of this assignment is to create an experiment that obtains results to contribute towards calculations of the stress and strain of a rubber material used to create a rubber band. 
[bookmark: _Toc119349886]Background 
The material used to create rubber bands are natural rubber. 
Natural rubber was discovered by Christopher Columbus in 1490, however it first began being processed in 1600 (Holz Rubber, 2016). 
Industrial demand for rubber-like materials began to outstrip natural rubber supplies by the end of the 19th century, leading to the synthesis of synthetic rubber in 1909 by chemical means. (Arias and van Dijk, 2019).
Synthetic rubber is any man-made elastomer. They’re polymers made from petroleum by-products. Synthetic rubber, like natural rubber, has several applications in the automobile sector, including tyres, door and window profiles. 
Natural rubber comes under the elastomer family. In chemistry, substances that are made of long chains of molecules are known as polymers. A polymer with both viscous and elastic properties is known as an elastomer.  The molecules of elastomers are held together by weak intermolecular forces and generally exhibit low Young’s modulus and high yield strength or high failure strain. They inherit the unique property of regaining their original shape and size after being significantly stretched. (Cena, 2022)
Some key properties of natural rubber are: 
- Excellent elastic properties, due to being made up of millions of chain molecules. 
- Good tensile strength, due to very regular chain structure that strains crystals. 
- High elongation, due to having a high molecular weight.
- Good wear resistance.
- Excellent cold resistance.
(learnbin.net, 2022)

[bookmark: _Toc119349887]Theory of elastomer behaviour 
The theory of elastomer behaviour states that,

“The viscous behaviour of elastomers leads to a loss of material rigidity under the application of a static load. In hyper-elastic materials, this loss of rigidity is a function of the level of energy in the material” (Holzapfel, 1996).

This theory will relate to the experiment as the material being used is rubber which is hyper-elastic. 
From this theory we can create a hypothesis for the experiment: When the rubber elastic bands static load is increased, there will be a loss of rigidity causing the elastic band to stretch until it reaches its fracture point. 


[bookmark: _Toc119349888]Experimental method 
The method chosen to find the cross-sectional area of a rubber band is by using a digital vernier Caliper to measure the physical properties of width and depth, then to calculate the cross-sectional area using excel with the measurements. 
The method chosen to stretch a rubber band using a known force is described below.  The chosen environment for the experiment is a temperature controlled wet lab. Due to the static load being water, if spilled it can be cleaned up with ease. The temperature-controlled room reduces an independent variable and makes the experiment more accurate. 

[bookmark: _Toc119349889]Apparatus 
· A Rubber band 
· Bucket 
· Hook 
· Water jug 
· Pump truck 
· Metal bar 
· Water source e.g. tap 
· Ruler
· Tape measure
· Digital Vernier Caliper

[bookmark: _Toc119349890]Safety
Wear safety glasses due to the band breaking at high speeds. 
Liquids are used in a controlled area. 
To avoid the bucket dropping the pump truck is in place just below. 






[bookmark: _Toc119349891]Apparatus set-up:
Figure 1 shows the Apparatus set up. The metal bar is placed through the existing slot to hold it in place. The band is looped onto the extruding bar with the hook hanging from it. Attached onto the hook is the bucket, underneath the bucket is the pump truck. The pump truck is in place to stop the bucket falling from height and spilling, it is crucial that the pump truck never touches the bucket. 
To measure the stretched length of the rubber band the measuring tape is placed onto the extruding bar. 

[image: ]
Figure 1

1. Measure and record the initial length of the band without and with the bucket attached, this is recorded as shown in figure 2 and 3
[image: ]     [image: ]
                  Figure 2                                          Figure 3  
2. At this stage of the experiment, the static load begins to increase. Using the water jug measuring 250ml (Figure 4) pour it into the bucket ensuring that all the water enters the bucket and the jug is emptied completely as shown in figure 5. Even though the load is 250ml, this equates to 250g which enables further calculations.
[image: ]     [image: ]
	Figure 4	                                	Figure 5
3. Record the length of the elastic band against the measuring tape using a ruler as a straight edge.
4. Lower the Pump truck so that is it close enough to catch the bucket but not touching it. 
5. Repeat steps 2,3,4 until the rubber band snaps. The recorded data should now be a comprehensive list of WATER-FORCE-LENGTH as shown in figure 6
[image: ]
         Figure 6


[bookmark: _Toc119349892]Analyse data
Before analysing data, it has been logged into a more presentable form. (Table 1)
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Table 1 

[bookmark: _Toc119349893]Calculations to be able to plot stress/strain graphs:

What is Strain? Deformation is a measure of how much an object is stretched, and strain is the ratio between the deformation and the original length. True strain is logarithmic and engineering strain is linear. (Holmes, 2017)
[bookmark: _Hlk119326803]Engineering Strain (Equation 1) = (Measured length – Original length) / Original Length
[image: ] Equation 1

True Strain (Equation 2) = Natural Log (Measured Length / Original Length) 
[image: ]Equation 2

Total Cross-Sectional area = (Width x Depth) x 2 

Force (N) = Force(gf) x Gravity (9.81) / 1000

Stress is a physical quantity that expresses the internal forces that neighbouring particles of a continuous material exert on each other. Although it is impossible to measure the intensity of this stress, the external load and the area to which it is applied can be measured. (Davies, 2022)
For engineering stress, we assume the length and diameter of the sample remain constant throughout the whole experiment.
Engineering Stress (Equation 3) = Calculated force / Original cross-sectional area
[image: ]Equation 3
True stress is the stress determined by the instantaneous load acting on the instantaneous cross-sectional area.
True Stress (Equation 4) = Calculated force / Calculated cross-sectional area 
[image: ] Equation 4


Toughness is the ability of a material to absorb energy and plastically deform without fracturing, strength with which the material opposes rupture and the material toughness is the amount of energy per unit volume that a material can absorb before rupturing. (Anon, 2022)
Toughness = Total energy x Total volume 
Total energy = Sum of, (Change in length travelled in meters) x (Average force) 
Total Volume = Cross sectional area x original length 	

Table 2 shows the experiment and calculated results
[image: ]
	Table 2

[bookmark: _Toc119349894]Graph 1 shows the force / stretch graph:

Graph 1

Using the calculated values, Engineering and True stress/strain graphs can be plotted. From these graphs we can interpret values such as: 

UTS – The ultimate tensile strength (UTS) is a material's maximum resistance to fracture. The UTS is usually found by performing a tensile test and recording the stress versus strain curve. The highest point of the stress-strain curve is the UTS.

Youngs modulus – The Young’s modulus is a property of the material that shows how easily it can stretch and deform. It is defined as the ratio of tensile stress to tensile strain. 

Toughness - Toughness is the ability of a material to absorb energy and plastically deform without fracturing. Toughness is the strength with which the material opposes rupture.








[bookmark: _Toc119349895]Graph 2 shows engineering stress against engineering strain: 
Stress is the force per cross-sectional area that a material withstands. Strain is the percent change in the length of the material. The stress-strain curve is the simplest way to describe the mechanical properties of the material. (Brandon, 2022)
In a tensile test, true stress is larger than engineering stress and true strain is less than engineering strain. The difference between the true and engineering stresses and strains will increase with plastic deformation. At low strains (in elastic region), the differences between the two are negligible.


Graph 2
This graph shows us that: 
· The UTS (ultimate tensile stress) is 7.01N/mm² before the elastic band breaks. 
· The rubber is going to stress to 5.01x its original length.
· The toughness for this plot (Area under line) is 8.5x10⁶N/m²










[bookmark: _Toc119349896]Graph 3 shows true stress against true strain:

Graph 3
This graph shows us that:
· The UTS (ultimate tensile strength) on this graph is significantly higher than the engineering stress/strain graph, 42.17N/mm².
· The Youngs modulus for this graph is (0.934/1.783) = 0.5236x10⁶N/m²

















[bookmark: _Toc119349897]Chemistry behind the graph 
From both of these graphs we can assume that this rubber material exhibits a property where it hardens as you stress it, this can be seen in the exponential line in the stress strain graphs. The reason behind this is the molecules within rubber. The molecules are made of long chains of atoms. 

At the start it was easy to stretch the rubber band as when the band is relaxed its molecules are tangled. As it becomes more difficult to stretch the molecules begin to untangle themselves. When the rubber band begins to stop stretching it is near its UTS as the molecules themselves are lined up and being stretched. (Gibbs, 2008)

The molecules in relation to the stress/strain graph can be seen below in Figure 8.











Figure 8







[bookmark: _Toc119349898]Analysing experiment inaccuracy and cost/quality trade-off 
[bookmark: _Toc119349899]Experiment inaccuracy’s 
Overall, the data appears to be accurate, without any anomalies affecting the graphs. However, there are still methods that can be improved to increase the accuracy of the results. 
The first point is recording errors. To measure the length of the rubber bands a ruler was placed in line with the bottom of the band and the measuring tape. An issue with this method is the ruler may not have been straight, causing false readings. Another issue is parallax errors, this is where measurements are taken using sight and from what angle it is being looked at affects the value as shown in figure 9.
[image: ]
Figure 9 
The second point is higher stress zones. This is where the rubber band is looped around the bar and the hook creating zones of higher stress than the middle of the band. The only way to prevent this from occurring is to use professionally designed samples.

The third point is sample size. To increase the overall accuracy of the results, a larger sample size could have been used. If three identical samples were recorded, a mean of the results could have been used for the calculations reducing the error in total. 

The fourth point is the temperature at which the experiment is undertaken in. This experiment was done at 20˚c. However, the properties of rubber change at different temperatures. While most materials expand when heated, rubber contracts. This occurs due to the unusual polymer structure of rubber. When the long chains get hotter and vibrate, they actually shorten, causing the material to contract. When the chains cool down, they relax and stretch out, causing the material to expand. (Ben Finio,Science Buddies, 2015). 

The fifth point is compounding errors. A compound error that was noticeable in this experiment is the bar which the rubber band was hanging from. The bar bending whilst the experiment was being recorded can affect the results by giving false length readings. This could have been avoided by measuring the bar as well as the band, then taking away the bar length. 

The sixth point is measurement error. To calculate the total cross-sectional area of the rubber band, a measurement using a Vernier Caliper was taken and used in an equation. A Vernier is not the most accurate piece of equipment for this task although it was the only one available. A micrometre would have been more accurate and taking multiple measurements around the band and creating an average would have made the values more reliable.

[bookmark: _Toc119349900]Cost/Quality trade off 
Apart from the cost of water, there was no equipment costs related to the experiment. All of the apparatus was available without purchase. In terms of time, the experiment took around 2 hours to set-up and conduct. 
If more time and money was allocated a larger sample size could have been recorded to produce more accurate results as this will have taken significantly more time than just recording the one sample. 
As mentioned previously, the experiment that was conducted included high stress zones which can mask true measurements of the material. To prevent these, professional samples could have been used although they come at a significant cost. 
To increase the accuracy of the experiment I would also purchase 250g weights and they would be more accurate than using water in a measuring jug although it would cost significantly more. 
Although the force in newtons was easy to calculate, a direct force meter could have been used to get instant force readings and avoid errors from calculations. This would entail having to purchase a force meter but it would save on time and accuracy.
Despite these improvements, the accuracy of the original experiment was sufficient enough to calculate and plot engineering stress/strain graphs without anomalies and abnormalities. 

[bookmark: _Toc119349901]Discussion
Referring back to the original theory “The viscous behaviour of elastomers leads to a loss of material rigidity under the application of a static load. In hyper-elastic materials, this loss of rigidity is a function of the level of energy in the material” I believe the preformed practical experiment proved this established theory to be correct. This can be seen in the stress/strain graphs where the rubber loses its rigidity when a static load is applied. 
In terms of accuracy, the experiment results where sufficient enough to give accurate representations of the rubber properties. As previously discussed, the results could be made more accurate but unless it is necessary it is not worth the cost and time implications. 

[bookmark: _Toc119349902]Conclusion 
In conclusion the experiment conducted in order to find the stress/strain curve was a success despite improvements that could have been made. The graphs on page 9 and 10 show the values and characteristics that are not calculated such as the UTS as well as showing a visual difference between the engineering and true stress strain curve. 
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Experiment Results

Engieering Stress/Strain of a rubber band 

Calculated Results 
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