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[bookmark: _Toc228214122]1. Introduction
The reliability of mechanical components is critical in high-performance motorsport environments, where failure can result in immediate loss of function and withdrawal from competition. In events such as the Dakar Rally, vehicles are subjected to extreme operating conditions, including high loads, continuous vibration, and harsh terrain. Under such conditions, drivetrain components such as drive shafts must be capable of withstanding both high stresses and repeated loading without failure.
This investigation focuses on the failure of drive shafts on two vehicles during two stages of the rally. In both cases, the shafts fractured completely, thus making the vehicles unable to compete. The components were manufactured using the same design and production methods as previous successful iterations; however, a recent change in aluminium supplier had been identified as a potential contributing factor. The maximum operational stress experienced by the shafts was recorded as 90 MPa, providing a key reference point for assessing material performance.
The aim of this report is to investigate the cause of the drive shaft failures through experimental testing and analysis. A tensile test was conducted on a sample of the aluminium alloy used in the component in order to determine key mechanical properties, including yield strength, ultimate tensile strength, and Young’s modulus. These results are then analysed in the context of the operational loading conditions to assess whether the material was suitable for its intended application.
Ultimately seeking to identify the most probable root cause of the failure and to propose appropriate engineering solutions in order to prevent similar incidents in future applications.

[bookmark: _Toc228214123]2. Literature review
[bookmark: _Toc228214124]2.1 Material Properties and Selection for Drive Shafts
Drive shafts used in high-performance environments, such as the Dakar rally, must combine high strength, low weight, and good durability under loading. Aluminium alloys are commonly selected for these applications due to their high strength-to-weight ratio and corrosion resistance (Alqahtani et al., 2024). However, the suitability of a specific alloy depends heavily on its mechanical properties, particularly yield strength, ultimate tensile strength, and stiffness.
Yield strength defines the stress at which a material begins to plastically deform, while ultimate tensile strength is the maximum stress the material can withstand before failure (Metals4U, 2025). Young’s modulus describes the stiffness of the material and how much it will elastically deform under load. For aluminium alloys, this is typically around 69 GPa, making them less stiff than steel but advantageous in weight-sensitive applications (Metals4U, 2025).
These properties vary significantly depending on alloy composition and heat treatment. For example, alloys such as 6061-T6 can achieve yield strengths of approximately 240 MPa, whereas untreated aluminium may have significantly lower strength (Nuclear-Power Knowledge Base, n.d.). This variation highlights the importance of careful material specification, particularly in safety-critical components such as drive shafts.

[bookmark: _Toc228214125]2.2 Fatigue Behaviour and Failure Mechanisms
Fatigue is one of the most critical considerations in the design of moving components. It occurs when a material is subjected to a repeated load, leading to the initiation and propagation of cracks over time. Aluminium alloys are particularly susceptible to fatigue because they do not exhibit a true fatigue limit, meaning failure can occur even at relatively low stress levels if sufficient load cycles are applied (Zhang et al., 2020).
Fatigue failure typically begins at surface imperfections, inclusions, or stress concentrations, where local stresses are higher than the average applied stress. Once a crack initiates, it propagates incrementally with each load cycle until the remaining cross-section can no longer support the applied load, resulting in sudden failure.
In high-demand environments such as the Dakar Rally, drive shafts are exposed to continuous vibration, torque fluctuations, and impact loading from uneven terrain. These conditions significantly accelerate fatigue damage and increase the likelihood of failure, particularly if the material is operating near or beyond its yield strength.

[bookmark: _Toc228214126]2.3 Material Quality, Processing, and Testing Methods
The mechanical performance of aluminium alloys is strongly influenced by manufacturing processes, alloy composition, and heat treatment. Processes such as precipitation hardening can significantly increase strength by altering the material’s microstructure, while poor processing or contamination can reduce both strength and fatigue resistance (Nuclear-Power Knowledge Base, n.d.). Variations in supplier quality can therefore result in significant differences in material performance, even when the component design remains unchanged.
Tensile testing is a widely used method for characterising material properties and assessing suitability for engineering applications. By applying a controlled tensile load and measuring the resulting deformation, key properties such as yield strength, ultimate tensile strength, and Young’s modulus can be determined from the stress–strain curve. This method provides essential data for evaluating whether a material meets the required performance criteria and is particularly useful in failure investigations.




[bookmark: _Toc228214127]3. Methodology
[bookmark: _Toc228214128]3.1 Equipment Required
To perform a tensile test, a tensile tester is required to be used. The tensile tester contains a dial indicator to show the extension of the material. There is also the need for a vernier calliper to measure the size of the sample.

3.2 Sample Preparation and Experiment Procedure
Before a tensile test can be conducted, there are things to be done to prepare the sample of aluminium. This includes taking the measurements of the original length, along with the measurement of the width and thickness; to calculate the cross-sectional area using  equation 1.



Equation 1

It is also important to do a visual check to ensure that there are no visible surface defects, as this is likely to be a  ‘weak point’. It is also essential to ensure that it is placed in the holder correctly.

To complete the experiment: firstly, measure the sample and  then secure it into the machine ensuring that there is correct alignment, so no prior stress is being placed on the piece before the test begins. Then set the dial indicator to zero, allowing it to correctly measure the extension. Next turn the screw dial on the top, to apply a tensile load to the sample. Continue adding load to the dial, ensuring that the readings of the extension from the dial indicator are taken at regular intervals each time the dial is turned. Ensure care is taken to maintain a consistent loading rate, as quickly loading can affect the accuracy. Continue adding load until the sample fractures, this includes following through plastic deformation. Once the sample has fractured, it is then removed from the machine and then measured again to see if it is longer, which would suggest that there has been necking of some kind. It is also important to look at the fracture surface, as there will be surface markings, which indicate the stress.

3.3 Data processing and Accuracy Limitations
The force can be calculated using the measurement from the dial indicator. One we have the load we can use equation 2 and equation 3 to calculate the stress and strain.



Equation 2



Equation 3

The values calculated using equation 2 and equation 3 can be used to create a stress strain graph.
The accuracy may be affected by the fact that the readings from the dial indicator are read by eye; there may also be a variation in the load, as it is a hand-operated mechanism.
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[bookmark: _Toc228214130]4.1 Stress-Strain behaviour
The results from the tensile test were used to calculate the stress and nominal strain for the aluminium sample. These values were then used to construct a stress – strain graph, which has the stress – strain curve for the aluminium, showing the behaviour of the material under load.

Figure 1 - Stress - Strain Graph for Aluminium
Figure 1 shows the typical behaviour expected for an aluminium alloy. The initial portion of the graph is linear, indicating that stress is directly proportional to strain and that the material is behaving elastically. This region follows Hooke’s Law, meaning that deformation is fully recoverable upon unloading (EE, 2025). As the load increases, the curve begins to deviate from linear, towards plastic deformation. Beyond this point, the material no longer returns to its original shape when the load is removed. A maximum stress point is reached, representing the ultimate tensile strength, after which the material begins to neck. This is shown by a reduction in load-bearing capacity until final fracture occurs. The overall curve shape is consistent with ductile failure behaviour in aluminium alloys.

[bookmark: _Toc228214131]4.2 Key Experimental Results
The raw experimental data collected during the tensile test is shown in table 1. This includes the force (derived from the load nut movement), extension calculated using the dial indicator measurement and load nut movement, and the calculated stress and strain values.
Table 1 - Raw and Calculated Tensile Data
[image: ]
From the data in table 1, along with graph 1, the key mechanical properties were extracted by analysing the stress–strain behaviour. The yield point was identified at the end of the initial linear region of the stress–strain curve, where the material transitions from elastic deformation to plastic deformation. Beyond this point, permanent deformation begins to occur. The ultimate tensile strength was taken as the maximum recorded stress value, which occurs just before the onset of necking.
The results indicate that the yield strength of the material is approximately 70 MPa, looking at graph 1. The ultimate tensile strength has been determined to be 152.5 MPa, using table 1. 
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The tensile test data was used to determine the key mechanical properties of the aluminium sample.

The ultimate tensile strength is the maximum stress recorded; we can use equation 2 to calculate it. Using  the data and equation 2, the ultimate tensile strength = 152.5 Mpa.

The yield strength is taken as the point where the stress–strain curve begins to deviate from linear behaviour. From the graph, this occurs at approximately 70 MPa.

The Young’s modulus is calculated from the gradient of the elastic region. Using equation 3, it can be calculated using two points in the linear region. Therefore, we can calculate Young’s modulus to be 35 GPa.

These results show that the operational stress of 90 MPa exceeds the yield strength of the material. This in turn means the shaft would plastically deform during use, significantly reducing fatigue life and leading to failure under the loading.
Bottom of Form





[bookmark: _Toc228214133]6. Conclusion
The investigation into the failure of the drive shafts has identified material performance as the primary contributing factor. Tensile testing of the aluminium sample revealed a yield strength in the range of approximately 70MPa and an ultimate tensile strength of approximately 152.5 MPa. When compared to the reported operational stress of 90 MPa, it is clear that the material was subjected to stresses exceeding its yield strength during normal service conditions.
As a result, the drive shafts would have undergone plastic deformation under repeated loading, leading to a progressive reduction in structural integrity. In combination with the load experienced during the rally, this would have significantly accelerated fatigue damage. Given that aluminium alloys do not possess a true fatigue limit, crack initiation and propagation would occur over time, ultimately leading to sudden and complete fracture. This failure mode is consistent with the observed behaviour of the components during the stages of the event.
The timing of the failures, following a change in aluminium supplier, strongly suggests that the material used did not meet the required mechanical specifications. This may be due to differences in alloy composition, heat treatment condition, or overall material quality.
To prevent similar failures in the future; the material specification should be reviewed to ensure that the selected alloy has a yield strength significantly higher than the maximum operational stress and provide an appropriate safety margin. Stricter quality control of the supplier materials should be implemented, and consideration could be given to alternative materials or heat treatment processes to improve fatigue resistance.
In conclusion, the failure was most likely caused by the use of an aluminium alloy with insufficient strength for the applied loading conditions, resulting in plastic deformation and fatigue-driven fracture.
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Load Nt [Dialindicatorl " TExension| — Stress g | Nominal [ stress
movement (mm) (mm) (N/m?) straine | (MPa)
0.0 0 0 0.0 0 0.00 0
0.2 0.16 16 0.04 8000000 | 0.00 8
04 0.32 32 0.08_| 16000000 | 0.00 16|
06 051 51 0.09 | 25500000 | 0.00 255
08 07 70 010 | 35000000 | 0.00 35
10 0.87 87 0.13 | 43500000 | 0.00 435
12 105 105 | 045 | 52500000 | 0.00 525
14 124 124 | 046 | 62000000 | 0.01 62
16 141 141 | 049 | 70500000 | 0.1 705
18 159 159 | 021 | 79500000 | 0.1 795
20 175 175 | 025 | 87500000 | 0.1 875
2.2 193 193 | 027 | 96500000 | 0.1 %5
2.4 2.1 210 | 030 | 105000000 | 0.0 105
26 2.25 226 | 034 | 113000000 | 0.01 113
28 2.39 239 | 041 | 119500000 | 0.01 1195
30 2.49 249 | 051 | 124500000 | 0.02 1245
32 26 260 | 060 | 130000000 | 0.02 130
34 268 268 | 072 | 134000000 | 0.02 134]
36 275 275 | 085 | 137500000 | 0.03 137.5
38 2.83 283 | 097 | 141500000 | 0.03 1415
40 2.69 289 11| 144500000 | 004 1445
42 2.94 204 | 126 | 147000000 | 0.04 147
44 2.97 297 143 | 148500000 | 0.5 1485
45 3.03 303 157 | 151500000 | 0.05 1515
18 3.05 305 175 | 152500000 | 0.06 152.5]
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