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A stress stain curve is obtained by gradually applying a load to a test coupon and measuring the extension length. As well as measuring the extension, the original length of the coupon as well as the cross-sectional area should be measured. This data can be used to calculate the strain on the coupon, which can be calculated using the equation , As well as the stress which can be calculated using the equation  . This data is then plotted to show the relationship between stress and strain.  (Roylance, 2024)

The data obtained from the manufactured part was used to calculate the stress and strain as force was applied to the test coupon. These results were used to plot a stress strain curve as can be seen here; 









Figure 1. 




As well as showing the relationship between stress and strain, the curve can be used to extract other key data about the material. The ultimate tensile strength can be obtained by finding the highest point of the curve. For this material, it is approximately 25MPa.
 The yield point can be obtained by finding the point in which the line is no longer linear and begins to curve. For this material this is approximately 15MPa. (Arrospide, 2017)
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Figure 2. 
Youngs Modulus of the Modulus of Elasticity can either be calculated using the equation  or it can be extracted from the stress strain curve by calculating the slope of the initial proportional section of the graph. This can be taken from any point of the proportional section. For this material the Modulus of Elasticity is 11/0.01 = 1100MPa ~ 1.1GPa. (Naoum, 2024)
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Figure 3. 
The percentage elongation at fracture can be found by identifying the highest strain point at fracture. Strain is the ratio of extension length to original length or . This value can also be used to find the percentage elongation at fracture, by multiplying the strain value by 100. For this specific material, the strain at fracture was approximately 0.0850, therefore the approximate percentage elongation is approximately 8.5%. (Huda, 2021)
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Figure 4.
Using all the values found using the stress stain curve, including the yield strength, ultimate tensile strength, percentage elongation at fracture and Youngs modulus, it is possible to find what type of material was tested. 
Looking at the shape of the curve as well as the results, It indicates the material is a low strength, plastic material. It is however possible to exactly estimate the material using a material science software, such as Ansys Granta. 
Granta is a material database software that can be used to visualize material properties, as well as search for appropriate materials based on the required material properties. This search function can therefore be utilized in order to identify materials suitable for an application or to identify a material based on its properties. (Ansys, n.d.)
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Description automatically generated]This search was completed in order to identify the material used in the coupon test. The mechanical properties identified from the stress strain curve were input in order to filter the probable materials. This search resulted in 2 material possibilities, Polyamides, such as Nylon, or Polypropylene. 
It is then possible to look at the description of each of the resultant materials in order to more closely look at the material properties. Once this was completed, the Polyamide, has a much larger tensile strength that the material tested in the coupon test, therefore, this would indicate this was not the material. 
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[image: ]Based upon the data found from the stress strain curve and the information found in the Granta software, it would indicate that the material used in the coupon test is Polypropylene. 
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Looking at online sources, it is also possible to compare the stress strain curve of the coupon material to other stress strain curves of Polypropylene. The black line in Figure 5 shows the stress stain curve for polypropylene, this is a comparable shape to the results of the coupon test and the resultant stress stain curve. This graph also presents at a comparable ultimate tensile strength and yield strength as the coupon material.
When compared to online sources, typically, Polypropylene has an ultimate tensile strength of 25MPa and a Tensile modulus of 0.95 – 1.3GPa. (Hindle, n.d.) These results are consistent to those found from the stress/strain curve of the coupon test. Based upon the Granta results, as well as the comparison to online sources, I would conclude that the material is likely to be Polypropylene. 




There are several other forms of material testing that can be completed in order to find out more about a plastic material. 
Polypropylene is typically susceptible to corrosion when it is exposed to chemicals. This corrosion rate can be tested via sub-critical crack growth testing. This test is the process of submerging the polypropylene in a sulfuric acid and hydrogen peroxide mixture and subjecting it to a constant force in order to calculate the service life of the polypropylene and the point in which cracks would begin to form in the material. (Kim, 2023)  A negative of this form of testing is that it is subjective as someone would need to note when the first crack began to form in the material, therefore, it may have a slight error in the results.  
Another form of testing that can be completed on plastics in order to find out more about their properties, is impact testing. This is done in two forms, either pendulum or drop tower. This is the method of dropping a dart of different weights onto the surface of the plastic until the material fails, the weight is increased by 1 unit until failure, this is to identify the impact failure weight of the material. This method of testing will also measure the resistance of the plastic as well as how much energy the material is able to absorb. (Rayda Plastics , 2019)
Another important form of testing in plastics, is rheology. This test is completed when the polymer is in the melt phase, rather than in its solid form. The aim of this test is to test how stress or force applied to the material will relate to the deformation of the material. The aim of this form of testing is to understand the rheological properties of the material to optimize efficiency and reduce product waste. This type of testing will identify the best viscosity to process the plastic at, dependent on the behaviors at each melt viscosities. (Rayda Plastics , 2019) For example when injection molding polypropylene if the viscosity is not suitable this can lead to molecular degradation when the material is flowed through narrow geometries, this will affect the properties of the end material. However, the correct viscosity for processing can be identified through Rheology to ensure successful processing, preventing material wastage and increased production costs. In the case of polypropylene, it is at is best stretchability, ideal for processing, at the narrowest molecular weight distribution. (Ji, 2022)
As well as testing for mechanical properties, it is also important to complete failure testing to identify how and when the material will fail. This can be done in the form of Fatigue testing. This evaluates how the material behaves under repeated stress and constant cyclic loading. This is completed to mimic loading conditions of the material in use, in order to determine its endurance limit and fatigue life. This test will identify the number of cycles till failure and therefore the endurance limit of the material. (Step Lab, n.d.)
In conclusion, it was identified that the material in the coupon test was likely Polypropylene. Several different material tests were then identified in order to obtain more information about the material, including its mechanical properties, its corrosion resistance and its endurance / fatigue resistance. 
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