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[bookmark: _Toc182155973]Introduction
Ensuring the reliability and performance of manufactured parts is essential, especially when materials fail under various circumstances. Material scientists are responsible for investigating the reasons for a part failing while in use. A tensile test is one of the main tests performed to do this, it can find out the material's mechanical characteristics, such as its modulus of elasticity, yield strength, ultimate tensile strength, and percentage elongation at fracture. These properties offer information about the material's strength, stiffness, and ductility, providing valuable information about its suitability for the intended application. This allows companies to figure out what material is best for what they need.
We can determine whether a material is metal, polymer, ceramic, or composite by looking at how it reacts to tensile stress. An informed choice on what the material is and its failure mechanisms can be made by comparing these results with values found for other materials. More tests can also be used to better understand why the item failed in service. 

[bookmark: _Toc182155974]Tensile Test Procedure
The tensile test is a fundamental mechanical test used to evaluate a material’s behaviour under uniaxial tension. To do this a material is placed into a tensile machine which grips it firmly at either end, The material is prepared prior to fit in the machine depending on the standard required. The machine then ‘pulls’ the material until it breaks which then produces a stress/strain curve. This can be backed by Gdtoutos as he says that “The test consists of pulling a sample of material and measuring the load and the corresponding elongation.” (Gdoutos and Konsta-Gdoutos, 2024)
The raw data from this test was provided in an Excel file, showing the applied stress and the resulting strain in the material. Plotting this data will produce a stress-strain curve, from which key properties can be found, these properties reveal the material’s capacity to withstand forces, deform elastically, and absorb energy before breaking. Identifying these mechanical characteristics is vital to understanding whether the material is suitable for its intended application and whether its properties contributed to the failure.


[bookmark: _Toc182155975]Stress / strain graph
The behaviour of a material during a tensile test can be seen by plotting the stress-strain curve from the Excel data. Usually, the curve starts with a linear area where the material undergoes elastic deformation. After this point, the material yields and undergoes plastic deformation to reach its final tensile strength. As the material gets closer to fracture, the stress decreases. The yield point, UTS, elongation at fracture, and elastic and plastic zones can all be identified by looking at this pattern.
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[bookmark: _Toc182155976]Youngs Modulus
Youngs modulus measures a materials stiffness or rigidity, it tells us how much the material will stretch or compress under a given load within its elastic limit. Connor explains that “Young’s modulus is a measure of the ability of a material to withstand changes in length under lengthwise tension or compression.” (Connor N, 2020) To work this out you can pick two points on the graph where the line is linear, where stress and strain are proportional. This is in the elastic region, then do stress/strain.



[bookmark: _Toc182155977]Ultimate tensile strength 
UTS is the highest point on the graph, this is the highest stress that a material can take. It is a crucial property in materials science and engineering since it helps determine a material's strength and suitability for various uses. Connor says that “The ultimate tensile strength is the maximum on the engineering stress-strain curve. Ultimate tensile strength is often shortened to “tensile strength” or even to “the ultimate.” (Connor N, 2020)
[bookmark: _Toc182155978]Yield strength 
A material's yield strength is the maximum stress it can take before permanently deforming. It is at the point at which a material undergoes a change from temporary (elastic) to permanent (plastic) deformation. Sharma backs this by explaining that “The stress at which a material starts to undergo plastic deformation instead of elastic deformation is known as yield strength. It is among the most crucial mechanical characteristics of a material” (Sharma K, 2024). After a material reaches its yield strength, removing the load will mean the material is unable to return to its original shape. To work out the yield strength you would do 0.2% offset of strain, from this point draw a line up to the stress/strain curve and read the stress figure.
[bookmark: _Toc182155979]Percentage elongation at failure
A material's percentage elongation at failure is a measurement of how much it can stretch before breaking under a tensile load. It represents the material's ductility, or the amount of plastic deformation it can withstand before breaking “Percent elongation is a measurement that captures the amount a material will plastically and elastically deform up to fracture” (Corrosionpedia, 2019). It is expressed as a percentage of the original length as stated in the following reference “To calculate the percentage of elongation, you subtract the original length of the sample from its final length after fracture and then divide the difference by the original length. Multiply this ratio by 100 to get the percentage” (Maeden, 2024)




[bookmark: _Toc182155980][image: ]Results and calculations
UTS =                                                      = 24.349 MPa 

Youngs Modulus = 1108.9 MPa 
The two points I selected for young’s modulus were 0 up to 10 MPa 
Gradient and Modulus 
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Yield Strength = 17 MPa 
0.2% Offset Graph
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Percent Elongation = 0.086 * 100 = 8.644166667% = 8.64%
This is the value of strain at the end of the test then multiply it by one hundred to get the percentage.
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[bookmark: _Toc182155982]Ceramic Tensile Graph Example
[image: A graph of different colored lines

Description automatically generated]
(ResearchGate, 2024)
[bookmark: _Toc182155983]Metal Tensile Graph Example
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(Magazine M, 2022)
[bookmark: _Toc182155984]Composite Tensile Graph Example
[image: ]
(R-TECH Materials, 2024)
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(Redwing R, n.d.)
[bookmark: _Toc182155986]Material Type 
From the graphs above we can see that the ‘plastic’ line from the polymer test is most like the graph produced for the material supplied. The material is most likely a polymer, based on a comparison of the UTS and modulus of metals, composites, and ceramics which are higher. From the results, similar mechanical properties are frequently seen in polymers, with high ductility and low modulus and UTS values. These findings suggest that the substance being studied is probably a plastic with good elasticity and low tensile strength.
[bookmark: _Toc182155987]Further Testing
Hardness Testing: This is where a diamond indenter would be pressed into the material to determine the hardness as stated by Revankar “hardness test consists of pressing an indenter of known geometry and mechanical properties into the test specimen” (Revankar G, 2000). Determining the hardness would provide insights into the material's resistance to surface deformation, which, when paired with tensile data, can help determine toughness and resistance to wear. Xometry goes onto say that “Hardness is a material’s ability to resist deformation at its surface. A measurement is taken of the resulting indentation and converted to a hardness value relative to the hardness scale of the test.” (Xometry, 2023)
Fracture Toughness Testing: This test measures the material’s resistance to crack propagation, helping determine if brittleness contributed to the failure. This can be shown in Zhu’s statement “Fracture toughness is usually used as a generic term for measures of material resistance to extension of a crack.” (Zhu et al, 2012)
Microstructural Analysis (Optical or Scanning Electron Microscopy): Any material flaws, voids, or inclusions that could have contributed to failure can be found by looking at the microstructure. Under a microscope, fracture surfaces frequently show patterns that a material scientist could observe to see failure mechanisms. As said by Khaled “These images help identify grain boundaries, phase distributions, and defect structures, which are critical for determining material strength, toughness, and other mechanical properties” (Khaled A et al, 2024) This shows the benefits of Microstructural Analysis.
Thermal Analysis: Thermal analysis, such as thermogravimetric analysis, can provide data on melting points, thermal stability, and degradation patterns. This information is valuable for polymers, determining their suitability within specific temperature ranges. “no single technique has proved more useful than thermal analyses” (Turi E, 2024)
Chemical Composition Analysis: Identifying the material’s elemental or molecular composition is particularly useful if it is a polymer or composite, helping verify its exact nature and composition. “Chemical composition of the failed component bears its significance in knowing whether the selection of the material was as per the specification or not”. (Fuat T et al, 2011)



















[bookmark: _Toc182155988]Conclusion
In conclusion, the tensile test results indicate that the material has a relatively low modulus of elasticity and ultimate tensile strength, suggesting it is likely a polymer. The mechanical properties align closely with plastic materials, which exhibit flexibility, moderate load-bearing capacity, and ductility. Additional testing, including hardness, fracture toughness, thermal analysis, and microscopic examination, is recommended to confirm this material and to investigate failure causes further.
By analysing the material’s properties and microstructure, the investigation can reveal any weaknesses or processing flaws that contributed to the failure. These findings will inform decisions on different materials that can be used or design adjustments, potentially preventing issues in the future. Ensuring the right material choice and quality control is essential for enhancing product durability and customer satisfaction.
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