Aneurin Barclay 2215833 			Level 4: Materials & Processes Assignment
Rubber Properties
Introduction
A task has been issued to design an experiment to be able to measure a rubber bands properties and gather data to determine the Engineering Stress/Strain curve and a True Stress/Strain curve of the rubber sample. 
The stress/strain curve graph allows for the engineer to determine if a rubber sample is suitable for the process it is intended for. By stretching and elongating the rubber with an increasing load this will determine the Ultimate Tensile Stress of the material, toughness, young’s modulus, and maximum elongation.
To design an experiment for rubber, it’s properties should be determined beforehand to ensure the equipment used is appropriate. The rubber band to be used in the experiment is a Polymer, it can stretch a significant amount and return to its original form without deformation. But as with most materials it does have a breaking point, and this will be determined within the experiment. Rubber can absorb shock, its highly flexible, can withstand deformation without losing its structure and its structure being permanently damaged and it can be moulded into desired shapes due to its natural plastic nature (Susmita B, Rubber: Types, properties, uses, forms and reclaimed rubber 2018).

Data and graphs produced from the experiment will determine the characteristics and values of properties of the rubber band used. An analysis of this data and of the experiment will provide information on any experimental errors and will help to provide solutions on how this experiment could be improved if time and cost was not a factor in the experiment.












Experimental Method
The location of the experiment was the attic where the temperature at the time was inconsistent. If given more time, a more suitable and controlled area would have been chosen. The experiment consisted of a wire netting rail and screw hooks, a small 1mm rubber band, multiple bags of various coins and a kitchen weighing scale. 
A long strip of netting wire was cut, and hooks screwed into both ends; one end screwed into the wooden beam above and another smaller netting wire hooked to the other end as shown in Fig.1a.
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Fig. 1a.


Before assembling the rubber band to the experiment, the rubber bands dimensions were measured by using a tape measure. The measurements are shown below in Table A:
	Width (mm)
	Thickness (mm)
	Cross-Sectional Area (mm²)
	Total Cross-Sectional Area (mm²)

	1.1
	1.2
	1.32
	2.64


Table A: A Table showing the dimensions of the rubber band used in the experiment.
The rubber band hooked onto the bottom of the netting wire and another wire with hooks assembled onto the bottom of the rubber band and this would act as the hook to be able to add an increasing load of coins to stretch the rubber band. The singular piece of wire and hooks added to the bottom end of the rubber weighed in at 3g and found that the rubber band had only increased from 47mm to 48mm due to the slight weight increase which had reduced the slack on the rubber band without significantly increasing the force and tension on it.
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Fig. 1b.
Fig. 1c.
Fig. 1d.

[image: A picture containing wall, indoor

Description automatically generated][image: A picture containing indoor, wall

Description automatically generated][image: A picture containing floor, shoes, clothes, trash

Description automatically generated]Once the experiment had been set up as shown in Fig. 1d., the weighing of the coins proceeded. The process used was weighing the plastic money bag, weighing and adding a random number of coins to the bag and then hooking this to the end of the netting rail on the bottom of the rubber band, measuring the length of the rubber band each time with the tape measure and inputting this data into an Excel spreadsheet.   



Fig. 1g.
Fig. 1f.
Fig. 1e.


From the initial no load weight and measurement, the process continued another 23 times until the rubber band succumbed and snapped. Results are as follows in the next section titled Results.














Results
	Load (g)
	Band Length (mm)

	No Load
	47

	3
	48

	51
	64

	63
	77

	78
	103

	42
	128

	84
	173

	92
	195

	99
	242

	127
	264

	136
	275

	91
	283

	84
	298

	106
	306

	128
	315

	163
	322

	162
	331

	353
	344

	315
	347

	195
	351

	353
	365

	296
	380

	297
	381

	60
	Break


During the experiment, the initial measurements gathered were the dimensions of the rubber band, the load added and the band length as the load increased until the rubber band snapped. The results for this are as follows:


















Table B: A Table showing the increasing load on the rubber band and the length it increases to due to the load added.
With the above results, the Force and Energy can be calculated (shown in Table C. below). The second column Force (in grams force) was calculated by adding the load measured and the previous force on the rubber band, .
· Example: 

The calculation used in column 4 for Force (in Newtons) is as follows:  
· Example: 

To calculate Energy (J): the average of actual Force (N) and previous Force (N) multiplied by length travelled from previous measured length to actual measured length (L = actual Band Length, Ln = previous Band Length value, F = actual Force, Fn = previous Force), divided by 1000:  
· Example: 

	Load (g)
	Force (gf)
	Energy (J)
	Force (N)
	Band Length (mm)

	0
	0
	0
	0
	47

	3
	3
	0.00
	0.03
	48

	51
	54
	0.00
	0.53
	64

	63
	117
	0.01
	1.15
	77

	78
	195
	0.04
	1.91
	103

	42
	237
	0.05
	2.32
	128

	84
	321
	0.12
	3.15
	173

	92
	413
	0.08
	4.05
	195

	99
	512
	0.21
	5.02
	242

	127
	639
	0.12
	6.27
	264

	136
	775
	0.08
	7.60
	275

	91
	866
	0.06
	8.50
	283

	84
	950
	0.13
	9.32
	298

	106
	1056
	0.08
	10.36
	306

	128
	1184
	0.10
	11.62
	315

	163
	1347
	0.09
	13.21
	322

	162
	1509
	0.13
	14.80
	331

	353
	1862
	0.21
	18.27
	344

	315
	2177
	0.06
	21.36
	347

	195
	2372
	0.09
	23.27
	351

	353
	2725
	0.35
	26.73
	365

	296
	3021
	0.42
	29.64
	380

	297
	3318
	0.03
	32.55
	381

	60
	3378
	N/A
	33.14
	Break


Table C: A Table showing the increasing Force and Energy on the rubber band during the experiment.

The following results in Table D show the results for Engineering Stress/Strain, True Stress/Strain and the Cross-Sectional Area of the rubber band as it stretches. The below equations were used to find these results.
[bookmark: _Hlk119238829]To calculate Engineering strain, the following formula was used:  
· ε = Engineering Strain
· ΔL = The change in band length
· Δ₀ = Current band length
· Example: 
To calculate True Strain, the following formula was used: 
· Εt = True Strain
· Ln = Natural log
· L = Actual Length
· L₀ = Original Length
· Example: 
To calculate Engineering Stress, the following formula was used: 
· σ = Engineering Stress
· F = actual force
· A₀ = Original area (original cross-sectional area)
· Example: 
To calculate True Stress, the following formula was used: 
· σt = True Stress
· F = actual force
· A = actual area (current cross-sectional area)
· Example: 










	Engineering Strain
	True Strain
	Cross sectional area
	Engineering Stress
	True Stress

	0
	0
	2.64
	0
	0

	0.02
	0.02
	2.59
	0.01
	0.01

	0.36
	0.31
	1.94
	0.20
	0.27

	0.64
	0.49
	1.61
	0.43
	0.71

	1.19
	0.78
	1.20
	0.72
	1.59

	1.72
	1.00
	0.97
	0.88
	2.40

	2.68
	1.30
	0.72
	1.19
	4.39

	3.15
	1.42
	0.64
	1.53
	6.37

	4.15
	1.64
	0.51
	1.90
	9.80

	4.62
	1.73
	0.47
	2.37
	13.34

	4.85
	1.77
	0.45
	2.88
	16.85

	5.02
	1.80
	0.44
	3.22
	19.38

	5.34
	1.85
	0.42
	3.53
	22.38

	5.51
	1.87
	0.41
	3.92
	25.55

	5.70
	1.90
	0.39
	4.40
	29.49

	5.85
	1.92
	0.39
	5.01
	34.29

	6.04
	1.95
	0.37
	5.61
	39.49

	6.32
	1.99
	0.36
	6.92
	50.64

	6.38
	2.00
	0.36
	8.09
	59.72

	6.47
	2.01
	0.35
	8.81
	65.82

	6.77
	2.05
	0.34
	10.13
	78.64

	7.09
	2.09
	0.33
	11.23
	90.76

	7.11
	2.09
	0.33
	12.33
	99.95


Table D: A Table showing the Engineering Stress/Strain, True Stress/Strain and Cross-Sectional Area of the rubber band used in the experiment.











Analysis of Results
From collecting the results, graphs can be created to analyse the findings of the experiment. The first graph plotted on Excel is the Engineering Stress/Engineering Strain curve (as shown in Graph A below). As shown in the analysed graph (Graph B), the black line shows that the band used in the experiment can withstand an Engineering Stress of 12.33 N/mm² before it breaks (also known as Ultimate Tensile Strength). Therefore, if a rubber band of this size is to be used in a design and it is crucial that the rubber band should not break on it’s first use, then the Engineering Stress on the band must be below its Ultimate Tensile Strength which should be around 12 N/mm². 
The orange line shows that the Engineering Stress and Engineering Strain is somewhat in proportion in the area between 6N/mm² Engineering Stress and Engineering Strain of 6 which would give a Young’s Modulus value of 1N/mm² or 1000000N/m². 
The green line shows the rubber band can stretch 7.1 times it’s original length of 47mm to 381mm before it breaks beyond this point. 
 
Graph A: A graph showing the Engineering Stress/Strain curve of the rubber band used in the experiment.

Graph B: A graph showing the analysis of the Engineering Stress/Strain curve of the rubber band used in the experiment.
The below graphs show the True Stress/True Strain curve graphs of the rubber band used in the experiment. As shown in Graph D, the Ultimate Tensile Strength in True Stress terms is significantly higher than that of Engineering Stress, the graph below shows that the True Stress UTS is 99.9 N/mm² and is 8.1 times higher than that of the Engineering Stress (12.33N/mm²), this can also be the maximum elongation of the rubber before it breaks.
Both the Engineering Stress/Strain and True Stress/Strain graphs show that the area between the green and yellow lines is where the rubber band hardens (another term used, densification) due to the stress and strain it is put under when tension increases. In Engineering Strain terms, the rubber hardens over a higher strain period of 1.1 strain and in True Strain terms, 0.6 strain. 

Graph C: A graph showing the True Stress/Strain curve of the rubber band used in the experiment.

Graph D: A graph showing the analysis of the True Stress/Strain curve of the rubber band used in the experiment.
Toughness of the material can also be determined from these graphs. In Graph D above, between 0 and 1.75 strain, the rubber is at its least toughness due to its elasticity and loose molecular chains but between the yellow and green lines, it becomes tougher as the more it stretches due to its molecular structure becoming less loose and tightly packed together. As stated by The Columbia Electronic Encyclopaedia, Rubber: chemistry-and-properties (2022), 
“All rubberlike materials are polymers, which are high molecular weight compounds consisting of long chains of one or more types of molecules, such as monomers. Vulcanization (or curing) produces chemical links between the loosely coiled polymeric chains; elasticity occurs because the chains can be stretched, and the crosslinks cause them to spring back when the stress is released”. The value of toughness is determined by the Energy. The following results provide the value of Toughness:
	Total Energy (J)
	2.48
	Volume
	124.08

	Toughness
	199899.70


Total Energy in Joules is the sum of all Energy calculated in the experiment; this gives a value of 2.48J. The Volume is the original Cross-Sectional Area value and original band length value multiplied together; this gives a value of 124.08. The Toughness is determined by dividing the total energy and volume together then multiple by 100000 to give the value of 199899.70.
Graph E shows the length of the rubber band at each stage of increasing force/tension by adding mass. Between 0gf and 1000gf, the rubber band significantly increases in length from 47mm to 250mm. As the tension increases, the length of the rubber band begins to plateau between 1500 and the point of break at 3400. This also reflects what the stress/strain graphs show, the point at which the rubber band begins to harden (the point at which densification begins) before failure.

Graph E: A graph showing the increase of length of the rubber band when adding force/tension to it until the point of failure.
Analysis of experimental inaccuracy and cost/quality trade-off
While analysing the data from the experiment, it has been found that there are inaccuracies in the data. There are large gaps between each point in the graphs, this is due to the random, uncontrolled weighing and adding of mass to the rubber band. This is also shown in the table where load is added. There are periods where the load added is between 60g-100g and then near the end of the experiment the load increases to between 250g-400g. If a consistent mass was added for example, 50g each time, then the results would have been more accurate, and a more accurate stress/strain curve could have been produced. 
The main reason for the inaccurate adding of mass is due to a lack of free time between family life and a full-time shift role in an increasingly busy workplace. A rush to produce data to allow for the analysis of the data to be done quicker and therefore, complete the experiment sooner.
Another factor for inaccuracies is due to the rubber band dimensions and length measurements. Through the entirety of the experiment, a tape measure was used. To gather an accurate reading of the dimensions, an accurate micrometre or vernier callipers should have been used. But due to cost of the equipment, these were not able to be purchased. Also, callipers could have been used in the workplace but due to a lack of planning and commitment to produce an accurate experiment, this was not considered at the time. The rubber band was also only measured at one point, this is inaccurate as the rubber bands’ dimensions could vary due to its manufacturing. Multiple measurements should have been taken and an average calculated.
[image: ]A large factor for any inaccuracies is due to the designing of the experiment. The rubber band was situated between two hooks (at the top and bottom), this creates a higher stress point at both ends of the rubber band than in the middle. Therefore, the data produced in the experiment may not be as accurate as a well-designed, professional experiment produced by a rubber manufacturing company. The rubber band may have snapped sooner than what it is designed for due to these two high stress points.  The rubber sample would also be designed into a specific design to allow account for any higher stress points than that in the middle of the sample, as shown in the image below taken from FusionPolymer.com (2022):






Fig 11. An image of a stress/strain experiment on a rubber sample by FusionPolymer.com (2022).

If time and cost was not a factor during this experiment, then a more robust experiment would have been designed in a controlled environment where temperature is constant, so this does not affect any of the data and cause inaccurate variables. Just as the above image shows, there are equipment that are designed for this kind of experiment. A McMesin force tester could be used as this would accurately measure the force, length and the UTS of the rubber sample and accurately plot the graph. Due to the efficiency of the equipment, multiple samples could have been tested of varying different sizes to gather as much data as possible and compare the samples and gain an average value. The experiment was sufficient to gather some data for the assignment, but if there was another opportunity and a more accurate experiment required then a better designed and planned out experiment would be done just as stated above.






















Conclusion
To conclude, with the time given and minimal cost given to complete the experiment the experiment has been somewhat successful as the data and graphs produced compared to the known characteristics of rubber such as high elasticity, as shown in Graph A; the rubber band can stretch 7.1 times its original length. It has provided a UTS value, and the graphs show that there is no plastic state at the beginning of experiment as the graph provides a Young’s Modulus value of 1N/mm² or 1000000N/m². 
As with all experiments, there will always be errors, human errors, experimental design errors etc. If given more time and unlimited cost, then as stated in the Analysis section a more thorough and thought-out experiment would be designed with current material/force testing equipment. More samples would be tested of varying sizes in a controlled environment with temperature variables considered to gather an average and give a more accurate data analysis. 
Again, with more time, a more thorough and researched experiment would have been completed with more material properties researched and looked at such as Hysteresis, Visco elastic behaviour, Creep in materials, Historical development of nature rubber and synthetics. 
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Engineering Stress/Strain Curve for rubber band
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True Sress/Strain Curve for rubber band
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True Sress/Strain Curve for rubber band
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Length of Rubber Band with increasing force/tension
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