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Introduction
[bookmark: _Int_BqIs7r9q][bookmark: _Int_BzbkCewz]Events such as the Dakar Rally require the vehicles to push to their maximum performance limits. Often, the vehicles have to work under severe temperatures and driving conditions. A component such as the driveshaft has a big role in ensuring power is successfully transmitted to the wheels from the engine. It is crucial that these sorts of components remain reliable no matter the driving conditions to ensure the vehicle keeps moving. 
In this scenario, the same racing team had two of their drive shafts fail on them during the fourth and fifth rally stages. It was evident that the two driveshafts had severely fractured. This failure likely occurred due to the team altering their supplier for the aluminum material even though the design was exactly the same for the component. The team was unsure about the exact properties of the material such as the alloy chosen and level of heat treatment which likely led to the fault occurring. 
[bookmark: _Int_4mjRqZkD]This report is conducted to investigate the sole causes of the mechanical failures. This will be done by studying and analysing the fracture behavior and the properties of the chosen material. This report will contain a tensile test which helps to determine the yield strength, young's modulus and tensile strength of the material chosen. The values collected from the experiment will then be compared to the typical properties of the aluminum alloys which are mainly used in a similar way. During the experiment procedure, the fracture surface of the tested material will be examined to help with understanding why the failure happened. 










 Literature Review 
The performance of a driveshaft mainly relies on the material it is made from. This is even more important for demanding environments like rally racing where components are exposed to constant stress and higher loads. Aluminium alloys are often used in these applications because they offer a good balance between strength and weight, leading to improved vehicle performance. 
There are multiple properties within a material that determine whether a it’s suitable for this level of demand. Yield strength is the point at which a material begins to deform permanently, while ultimate tensile strength represents the maximum stress the material can cope with before it begins to break. Young’s modulus gives an indication of how stiff the material is, meaning how much it will stretch under a certain level of load.
Fatigue usually occurs in driveshafts. This is where small cracks begin to form over time due to repeated loading, leading to potential component fractures. On the other hand, failures also occur suddenly, due to the chosen material being far too brittle or contains defects. This often occurs due to poor heat treatment, leading to reduced strength and reliability of the driveshaft material. 
Because the team recently changed their aluminium supplier, it is possible that differences in processing or material quality have affected the performance of the driveshafts. Tensile testing is one of the most useful ways to assess whether the chosen material is suitable for the job. 










Methodology 
A tensile test was carried out on the aluminium sample to determine the mechanical properties of the material. 
Firstly, the original dimensions of the specimen were measured, such as the gauge length and cross-sectional area of the material. This is important because these values are needed later to calculate stress and strain.
The sample was then secured in the tensile testing machine. Gradually, increasing levels of load were applied by turning the load nut, and the extension of the material was measured using a dial gauge. Readings were taken at regular intervals to track how the material responded as the load increased.
The test was continued until the specimen fractured. Throughout the experiment, the load and extension values were recorded and later used to calculate stress and strain. These were determined using these equations:
Stress (σ) = F / A

Strain (ε) = ΔL / L0

Where:
F = applied force (N)
A = original cross-sectional area (m²)
ΔL = extension (m)
L0 = original length (m)











Twisting Mechanism 

Figure 1: A Tensile Testing apparatus used to apply a controlled axial load to the chosen specimen.
This Tensile testing rig, shown in figure 1, was used in the experiment. The specimen was safely secured within the grips of the rig and a load was applied from the twisting mechanism. The twisting mechanism ensures that the applied force can be sufficiently controlled throughout the testing procedure.
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Figure 2: Test Specimen before and after testing comparison 
Figure 2 shows the test specimen, which was selected for the tensile test. The specimen on the left was the material before the procedure and the specimen on the right was the material after the testing procedure. It is clear that deformation and fracturing occurred on the tested specimen which shows exactly where the material failed when under stress. When comparing the before and after, it helps determine and understand why and how the material starts to behave when its stretched, it also allows you to see if the specimen suddenly failed or began to deform slowly before it eventually broke. By doing this, it helps to identify the level of suitability and ductility of the chosen material for their chosen application. 

Load Dial 

Figure 3: Tensile Testing device used in experiment 
Figure 3 shows the device selected for the tensile testing procedure. The specimen was secured and held in place while a load was manually applied to it until it eventually failed. By using this device, it allows for accurate and precise results as the force is applied in a controlled manner, allowing you to note the results accurately. Also, the dial gage allows you to accurately view and note the exact levels of force being applied to the specimen. 

 
[image: ]
Figure 4: Data sheet from tensile test 
Figure 4 shows the data that was collected during the experimental procedure. The applied load and extension were noted during the test, allowing for further analysing into how the material reacted to the applied stresses. After the testing procedure, The Young’s Modulus was calculated using the data in excel. This data is highly important to help understand why it performed this way and why the component in the Dakar rally might have failed. 
The data collected during the tensile test was used to calculate stress and strain for every measurement taken. These results were then plotted on a stress and strain graph.
The stress and strain graph shows how the material behaves under increasing load. The graph shows a linear relationship. In the first few stages, the material has a elastic behavior meaning it will return to its original shape once the applied load wasn't being applied. No obvious yield point or plastic deformation was observed within the testing range.  The material managed to reach a maximum stress of 46 MPa before the failure occurred. 
[image: ]
Figure X: Stress Vs strain graph of test material 
This figure shows the graph that was produced after the testing procedure. The graph helps to review and analyse the relationship between the applied stress and the strain that was applied to the material during the testing procedure. From the graph, it can be seen that there is a strong linear trend from the point of origin and the point of failure at 45 MPa. This shows that the material was behaving elastically throughout the entire test. 










Analysis 
Multiple properties were identified of the material in the stress and strain graph. The gradient of the linear region located on the graph was used to help determine the young's modulus of the material. The calculated Youngs Modulus value was approximately 9 GPa. 
The calculated Youngs Modulus value of 9 GPa is far lower than the theorised values of aluminum which is around 69 GPa. This will suggest that errors occurred within the experiment. One of the key errors would likely have neen innacuracies in measuring the strain values. Even if there are small innacuries in the extension readings, it will likely have a big impact on the stress vs strain graph. These possible maurements innacuriecs are likely the reason for the big difference between the theoretical values and the experimental values. 
No obvious yield strength was identified due to the graph staying linear throughout the whole test. The ultimate tensile strength was taken as the maximum stress achieved before the failure occurred which was 46 MPa. 
After analysing the shape of the graph and the fracturing behavior, the material seems to show limited ductile characteristics.  This is evident from the small levels of strain observed before failure occurred.
The fracture surface also provides an accurate insight into why the failure occurred. A rough and uneven surface shows signs of a ductile failure, if the surface was flatter, the graph would show signs of a brittle fracture.
The driveshaft was reported to experience a maximum stress of around 90 MPa during vehicle operation. Compared to the results collected from the tensile test, it suggests that the material selected was not suitable and incapable of being strong enough for the stress created. 
[bookmark: _Int_m8Tu59CZ][bookmark: _Int_aI8RrPyD]To add to this, the recent change in aluminum suppliers is likely to be a big factor with the failure. Even if there are very small differences in material processing or composition, it can easily affect the mechanical properties.
A material’s Young’s modulus and stiffness will depend on multiple factors such as composition and structure. Studies show that if a material isn't perfectly uniform or if the bonding is inefficient between the components, it will likely affect stress is transferred through the material or component. In composite materials, the reinforcement will add strength to the material, and the matrix will carry the load. It is crucial that these two properties remain consistent as any inconsistencies will lead to lowing the optimal performance levels (Baltau et al., 2025) 
Tensile tests are often used to help determine the mechanical properties of a certain material. During the testing procedure, the specimen is gradually loaded until failure. The graph produced allowed for clearly showing exactly how the material behaved under the applied loads. This test allows for an accurate assessment of whether a material ius suitable for a specific engineering application (Callister and Rethwisch, 2020). 
 

















Conclusion 
This investigation was conducted to determine the sole cause of the driveshaft failure, this was done by examining the fracture behavior and properties of the chosen material. The results from the tensile test suggest that the material had a calculated young's modulus around 9GPa and an ultimate tensile strength of around 46 MPa. When these calculated values are compared to the stress that was created during operation, it highly suggests that it was highly likely that the material was operating very near its performance limits and very little margin between efficient performance and instant failure. 
[bookmark: _Int_LTJsI2eD]There were likely multiple factors which lead to component failure. The first factor was probably from a high level of demanding and unpredictable conditions of the forces created from the Dakar rally, possibly leading to higher stress applied to the load than ones theorised before the race. The second factor is that there was a new supplier for the material, this will very likely cause a reduction in material strength due to material inconsistencies. 
For future races, it’s suggested that multiple steps should be followed to lower the chances of this issue occurring again. 
. Select a material with similar performance values but with better resistance to fatigue and a higher level of strength. 
. Precisely measure and calculate the exact properties of the material before it is used on the vehicle
. Evaluate the level of professionalism and performance with the supplier and change supplier if necessary to improve performance
. Add further testing sessions to the material or vehicle to help detect any issues with the material or component before the race date. 
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