University of Wales Trinity Saint David
Wales Institute of Science and Art
[image: Industry Support Officer - High Value Engineering (12 month FTC) at  University of Wales, Trinity Saint David]
Engineering Materials
Materials and Manufacturing





William Bath
2501932
21/04/26

2

Contents
Introduction	3
Literature Review	4
Methodology	5
Results	6
Analysis	7
Conclusion	8
Reference List	9



[bookmark: _Toc227673262]Introduction
In high-performance motorsport applications such as the Dakar rally, material selections are vital due to the extreme loading and harsh environments and forces that a material is subjected to. Components such as drive shafts are exposed to a combination of torsional stress, cyclic loading and potential impact forces, meaning that they must have very high integrity to ensure the vehicle can perform reliably. However, during the fourth and fifth stages of the Dakar rally, two vehicles experienced complete driveshaft failure, which compromised their results.
The driveshafts were reportedly manufactured using the same design and production methods as previous successful iterations. However, the materials supplier was recently changed, which resulted in concerns regarding consistency and quality of the material used. It is therefore suspected that the failure may be attributed to differences in material properties, such as different/improper heat treatment and overall reduced strength.
To investigate this issue, a tensile test was conducted on a sample of the aluminium material used in the driveshafts. Tensile testing is widely used to provide key information on a material and its mechanical behaviour under uniaxial loading. The results obtained were then used to determine properties such as Young’s modulus, yield strength and ultimate tensile strength.
 These properties are essential in evaluating weather as material is fit for purpose and if it can withstand the operating stresses it will experience. The primary aim of this report is to analyse the tensile test data and to determine the mechanical properties of the material. This then means that it can be assessed for suitability and to identify the most likely cause of failure. ((PDF) Yield and Tensile Strength of Steel and Aluminum, n.d.)

[bookmark: _Toc227673263]Literature Review
The selection of materials for high-performance engineering applications requires a thorough understanding of mechanical properties and how they influence performance under operating conditions. Aluminium alloys are commonly found in motorsport applications due to their desirable strength-to-weight ratio, corrosion resistance and ease of manufacturing. However, their performance and properties can vary drastically due to alloy composition, heat treatment and processing methods.
One of the most critical properties in structural applications is yield strength, which represents the stress at which a material begins to undergo plastic (permanent) deformation. In a driveshaft, it is vital that the applied stress during operation is below the yield strength to prevent distortion leading to unbalancing and loss of mechanical integrity. This would lead to misalignment and, therefore, increased stress concentrations, eventually resulting in ultimate failure.  ((PDF) Yield and Tensile Strength of Steel and Aluminum, n.d.; Su & Young, 2019)
Another key property is the ultimate tensile strength, which represents the maximum stress a material can withstand before it fractures. This isn’t as commonly used as yield strength but is still important during the design phase of a product.(What Is Ultimate Tensile Strength? | Metal Supermarkets UK, n.d.)
Young’s modulus describes the stiffness of a material and is defined as the ratio of stress to strain in the elastic region. A lower value indicates that a material deforms more under load.
Fatigue behaviour is critical in rotating components such as driveshafts, which is due to the material undergoing a rotational stress over long periods of time. Repeated cyclic loading can result in crack initiation even below the yield strength.
Material selection must also consider the alloy type and temper due to their effect on the material’s strength and hardness. For example, 6061 titanium has a much lower strength than 7075. This is why tensile testing is used to determine a material’s true properties and understand what is fit for purpose. It is carried out by applying a controlled load to a specimen sample and measuring its deformation, allowing for a stress curve to be generated.(Ebrahimi & Ahari, 2024)
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The tensile test was conducted using a mechanical testing apparatus designed to gradually apply a load to a specimen while measuring its extension. The apparatus consisted of a fixed frame, threaded loading mechanism, springs and a dial indicator used to measure displacement. This can be viewed in figure 1 below:
[image: ] Locking nut and threaded load mechanism.
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(Figure 1, Testing apparatus, By author)
Prior to testing, the dimensions of the aluminium specimen were measured, and the original gauge length recorded was 31.3mm. The cross-sectional area was calculated based on the measured width and thickness, resulting in a value of 2mm². The samples can be seen in Figure 2 below:
[image: ] 
(Figure 2, Specimen samples, By author)



The specimen sample was then securely mounted into the test rig using 2 Alan bolts to ensure proper alignment to avoid unwanted stress on the sample. The load was then applied incrementally by turning the threaded loading mechanism. This was done in marked increments, thereby increasing the tensile force acting on the specimen. This continued until the samples snapped, as seen in Figure 3 below:
[image: ]
(Figure 3, Broken Samples, By author)
At each increment, the dial indicator reading was recorded. These readings were recorded carefully to minimise error, and multiple readings were taken where possible to ensure consistency.  This reading represents the displacement of the specimen and can then be used to calculate the extension. The applied force was determined using the relationship stated in the apparatus manual:
F=Dial reading×100
The extension of the specimen was calculated by converting the dial reading into millimetres:
 ΔL=1000/Dial reading
The stress and strain values were then calculated using the following two equations:
σ=A/F​
ε=ΔL​/L0​
The results were recorded in a table and were then used to generate a stress-strain graph. The data was organised systematically to reduce the likelihood of calculation errors.	​
(Stress, Strain and Young’s Modulus, n.d.)
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The raw data collected during the tensile test is shown in Table 1 below. The dial indicator readings were recorded at each desired load increment.
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(Table 1, Lab results, By author)
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(Stress, Strain and Young’s Modulus, n.d.; Ultimate Tensile Strength (UTS): Definition, How It Works, Calculation, and Example | Xometry, n.d.)
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(Graph 1, Stress vs Strain, By author)
The stress-strain graph shown in Graph 1 above shows a consistent increase in stress with increasing strain throughout the test. The initial section of the graph is linear, meaning that the material is in the elastic deformation phase. As strain increases, the gradient changes slightly, showing the transition to plastic deformation.
There is also no obvious yield point, as is to be expected in an aluminium alloy; instead, yielding occurs gradually, necessitating the calculation of yield strength. The curve then continues to rise until reaching total failure.
The smooth shape of the graph indicates that the material deformed uniformly without brittle fractures. This confirms that the metal exhibits ductile characteristics, which is to be expected for aluminium.
Calculating Young’s modulus:
Two points were taken from the graph:
Point 1:
Stress = 8.5 MPa
Strain = 0.00543
Point 2:
Stress = 45.5 MPa
Strain = 0.0290
[image: ]
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(Stress, Strain and Young’s Modulus, n.d.)
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The stress-strain curve obtained from the tensile test provides insight into the mechanical properties and behaviour of the aluminium sample. The initial linear portion of the graph indicates the elastic deformation. We can also see that stress is directly proportional to strain. This is the region used above to calculate the Young’s Modulus, indicating the material’s stiffness.
Young’s modulus was determined from the gradient of the elastic region of the stress and strain curve; the calculated value is much lower than what is common for aluminium. This is likely due to limits within the experiment, such as deformation of the testing apparatus, inaccuracies or insufficient resolution. Despite this, the linear trend present within the graph confirms the elastic behaviour and the calculated values provide a useful indication of material stiffness.
 Beyond this region of elastic deformation, the curve shows very minor deviation; this region is the transition into plastic deformation. This corresponds with the calculated yield strength of approximately 100 MPa, which is lower than most high-strength aluminium alloys. Using this information, we can determine that the tested sample was from a lower-grade alloy or was not correctly heat-treated. (Ductility of Aluminum | Benefits, Alloying, & Heat Treatment, n.d.; What Are The Properties Of Aluminium? - Thyssenkrupp Materials (UK), n.d.)
The ultimate tensile strength was calculated to be 259 MPa, which falls within the lower range for aluminium alloys. This supports the above theory that the material is not of a high grade and therefore is from a weaker series of alloy, such as 1000 or 6000 series aluminium.
The percentage elongation of approximately 17% indicates that the material has good ductility, which means that it can undergo significant plastic deformation before reaching the point of total failure. While ductility is beneficial for absorbing energy, it does not compensate for insufficient strength in load-bearing applications such as the driveshaft.  (Ductility of Aluminum | Benefits, Alloying, & Heat Treatment, n.d.)
When comparing these results to the operational stress of 90 MPa, it becomes evident that the material was very close to its yield strength. This leaves little margin for safety, meaning that a small increase in load, stress concentrations or general fatigue could result in total failure.
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The tensile test indicated that the aluminium sample exhibits typical ductile behaviour, and the transition from elastic to plastic deformation is clear. The calculated yield strength and ultimate strength suggest that the material is a relatively low-strength alloy when compared with other options on the market.
When compared to the maximum operating stress of 90MPa, it is obvious that the material was very close to its yield limit under normal operating conditions. This provides strong evidence for the observed driveshaft failures, as repeated load near the yield point would result in plastic deformation, fatigue cracking and eventual total failure. The low Young's modulus indicates a system complication rather than true material behaviour.
Given that the only change was the material supplier, the aluminium used in the failed component was likely of a lower grade or not adequately heat-treated. This would result in reduced mechanical properties and decreased resistance to fatigue loading.
To prevent similar failures in the future, a higher quality alloy should be chosen, such as 7075-T6. As well as this, stricter quality control measures should be implemented, including the need for material certification and tensile testing of the batches supplied. Design improvements should also be considered to increase the factor of safety of the component, such as an increased shaft diameter. This would result in less strain during the operation of the component.
This investigation highlighted the importance of understanding material behaviour under real operating conditions and reinforces the need for a sufficient factor of safety in engineering design. By combining appropriate material selection with robust testing and quality assurance procedures, the likelihood of similar failures in the future can be significantly reduced.
Overall, the failure can be attributed to the inadequate strength of the material supplied relative to the applied stress.
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