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[image: What is a Drive Shaft? | How does a Drive Shaft work?]The Dakar Rally is widely regarded as one of the toughest motorsport competitions. Peltier, R. (2016) Rallying: ‘Toughest yet’ Dakar Rally unveiled, AFP International Text Wire in English. Washington: Agence France-Presse. Exposing vehicles to extreme terrain, high loads, and continuous mechanical stress. Under such conditions, the reliability of critical components is essential. During stages four and five of the events, both team vehicles suffered complete drive shaft fractures, resulting in immediate loss of power transmission and withdrawal from the race. Figure 1 Visual representation of the part that failed labelled Drive Shaft

The drive shaft plays a vital role in transferring torque from the engine to the wheels and is therefore subjected to significant torsional and cyclic loading. Despite the components being produced using the same design and manufacturing processes as previous successful versions, a recent change in aluminium supplier has introduced uncertainty regarding the material properties. This has led the team to suspect that the failures may be linked to a material-related issue rather than a design flaw. Notably, the maximum operational stress recorded for the component was 90 MPa, which should typically be within safe limits for many aluminium alloys used in such applications.
This investigation aims to evaluate whether the aluminium alloy used in the failed drive shafts met the required mechanical performance standards. A tensile test will be carried out on a sample of the material to determine key properties, including yield strength, ultimate tensile strength, and Young’s modulus. These results will then be analysed and compared with expected values for suitable aluminium alloys.
The findings from this analysis will be used to develop a hypothesis regarding the root cause of the failures. Based on this, appropriate recommendations will be proposed to reduce the likelihood of similar issues occurring in future applications.
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When selecting a material for a drive shaft operating in extreme conditions such as the Dakar Rally, it is essential to consider a range of mechanical properties that ensure both strength and durability. These properties must also be verified through appropriate testing methods to confirm the material’s suitability for the application.
A primary consideration is yield-strength, which defines the stress at which a material begins to deform plastically. For a drive shaft, this value must be well above the maximum operational stress (90 MPa) to prevent permanent deformation during use. Yield strength is determined through a tensile test, where stress–strain data is used to identify the transition from elastic to plastic behaviour. Chen, H. and Cai, L.-X. (2018) 
The ultimate tensile strength (UTS) is also important, as it represents the maximum stress the material can withstand before fracture. This provides an indication of the material’s ability to tolerate overload conditions. Like yield strength, UTS is obtained from tensile testing and is particularly relevant when analysing complete component failure. Chaib, M. et al. (2021) 
Fatigue strength is a critical property for components subjected to repeated or cyclic loading, such as drive shafts. Even when operating below the yield strength, materials can fail over time due to fatigue.
In addition, toughness must be considered, as it reflects the material’s ability to absorb energy before fracturing. Materials with low toughness are more prone to sudden, brittle failure. Toughness is typically assessed using impact tests, such as Charpy or Izod tests, which simulate rapid loading conditions. Yu, Y. et al. (2025)

Young’s modulus is another important factor, as it measures the stiffness of the material. A suitable modulus ensures that the drive shaft maintains its shape under load and does not experience excessive elastic deformation. This value is obtained from the initial linear portion of the stress–strain curve during tensile testing. Ezgi Günay and Günay, E. (2019) 

Overall, the selection of a suitable material requires a balance of strength, stiffness, toughness, and fatigue resistance, all of which must be validated through appropriate testing methods to ensure reliable performance under demanding operating conditions.
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A tensile test was conducted using the TecQuipment ES6 Tensile Tester to determine the mechanical properties of an aluminium alloy sample. The methodology followed a structured approach to ensure accurate and repeatable results.
[image: ]Initially, the test specimen was measured to determine its original gauge length and cross-sectional area. A vernier calliper was used to measure the diameter (or width and thickness), and the original length was recorded (see figure 2). These values were required for calculating stress and strain.
The ES6 tensile testing apparatus was then prepared. The machine was checked for proper operation, and both the dial indicator and loading mechanism were set to zero to eliminate any initial offset. The specimen was carefully mounted between the upper and lower grips of the machine, ensuring it was aligned vertically to prevent bending stresses during testing. (see figure 3)Figure 2, photograph of the aluminium specimen being measured.

[image: ]Load was applied gradually by turning the load nut, which increased the tensile force on the specimen. As the load increased, the extension of the specimen was measured using the dial indicator. Readings of dial indicator displacement, load nut movement, and extension were recorded at regular intervals throughout the test.
The test continued until the specimen reached its maximum load and eventually fractured. The maximum dial reading was recorded, as this corresponded to the peak force applied to the material.
Following the experiment, the recorded dial indicator readings were converted into force using the calibration factor provided for the apparatus. Stress values were calculated by dividing the force by the original cross-sectional area, while strain was calculated by dividing the extension by the original gauge length.Figure 3 Photograph of the TecQuipment ES6. With the aluminium specimen attached ready to begin testing.

Finally, a stress–strain graph was plotted using the calculated values. From this graph, key mechanical properties including yield strength, ultimate tensile strength, and Young’s modulus were determined. These results were then used to evaluate the material’s suitability for the intended application.

[bookmark: _Toc228225161]Test resultsFigure 4 Stress-Strain curve showing the materials overall mechanical behaviour, within initial linear elastic region followed by a gradual transition into plastic deformation.

Figure 5, Expanded view of the linear elastic region of the stress-strain curve, illustrating the proportional relationship between stress and strain.



	Area
	2
	mm^2

	Original length
	31.1
	mm

	final length
	32.52
	mm

	ultimate Tensile strength
	172
	N/mm^2

	yield stress
	80
	N/mm^2

	elongation
	4.6
	%

	young’s modulus
	10.89
	Gpa

	yield strength 
	79.5
	Mpa


Figure 6,  Table showing all gathered data from experiment
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[image: ]The stress–strain data obtained from the tensile test was used to determine the mechanical properties of the material.Figure 7, photograph showing test piece fractured compared to original dimensions.

The yield strength was found to be approximately 79.5 MPa (≈80 N/mm²), representing the point at which the material begins to undergo permanent (plastic) deformation. This indicates the stress limit beyond which the material will not return to its original shape.
The ultimate tensile strength (UTS) was determined to be 172 N/mm², which is the maximum stress the material can withstand before failure. This value corresponds to the highest point on the stress–strain curve.
Young’s modulus was calculated as 10.89 GPa, obtained from the gradient of the linear (elastic) region of the stress–strain graph. This relatively moderate value indicates the stiffness of the material and its resistance to elastic deformation.
The percentage elongation was calculated using the change in length:

This shows that the material undergoes a small amount of plastic deformation before fracture, suggesting it has limited ductility.
Overall, the results indicate that the material has moderate strength and stiffness, with relatively low elongation, meaning it is not highly ductile and may behave in a more brittle manner under tensile loading.
[bookmark: _Toc228225163]Evaluation
The results may be affected by measurement errors in the original length and cross-sectional area, which would impact stress and strain calculations. There may also be inaccuracies from the testing machine and human error when identifying key points such as yield strength and the gradient for Young’s modulus.
Reliability could be improved by using more precise measuring equipment, repeating the experiment, and analysing the data digitally to reduce uncertainty.
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The failure of the drive shafts is most likely attributed to material yielding followed by fracture under operational loading. The tensile test results show a yield strength of approximately 79.5 MPa, which is lower than the recorded maximum service stress of 90 MPa. This indicates that, during operation, the shafts were consistently subjected to stresses beyond their elastic limit, causing plastic deformation. Under the cyclic and high-load conditions of the Dakar Rally, this would lead to progressive damage accumulation and eventual catastrophic fracture. Yang, L. et al. (2017) 

Although the ultimate tensile strength was measured at 172 MPa, the material would have already begun to deform permanently well before reaching this value. The relatively low elongation (4.6%) suggests limited ductility, meaning the material had a reduced ability to absorb energy and deform before fracturing. This increases the likelihood of sudden failure once significant plastic deformation has occurred. Additionally, the measured Young’s modulus of 10.0 GPa is lower than expected for typical aluminium alloys, indicating reduced stiffness and further supporting the possibility that the material does not meet standard specifications.
Given that the design and manufacturing processes remained unchanged from previous successful iterations, the most probable root cause is a variation in material properties due to the new supplier. This could be due to differences in alloy composition, heat treatment (temper), or overall material quality, all of which significantly influence mechanical performance.
To prevent similar failures, it is essential to select a material with a yield strength significantly higher than the maximum operating stress, ensuring all service loads remain within the elastic region. Implementing a suitable factor of safety is critical, particularly for high-performance applications such as motorsport. Furthermore, stricter material verification procedures should be introduced, including certification checks, hardness testing, and independent tensile testing of supplied batches. If necessary, reverting to a previously validated supplier or specifying tighter material standards would help ensure consistency and reliability in future components.
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