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[image: A rally car going over a jump on a stage.]
Figure 1


Driveshafts in rally vehicles are subjected to severe torsional, tensile, and cyclic loading conditions. Failure of a driveshaft can result in immediate loss of vehicle propulsion and poses significant safety risks.
In this investigation, a fractured aluminium alloy driveshaft is analysed following catastrophic failure during competitive rally stages. Tensile testing data is used to determine key mechanical properties including Young’s modulus, yield strength, and ultimate tensile strength. These results are then compared against reported operating stresses to identify the most probable cause of failure and suggest mitigative design or material improvements.
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Aluminium alloys are commonly used in automotive and motorsport drivetrain components due to their high strength‑to‑weight ratio, good corrosion resistance, and easy manufacturability. In high‑performance applications such as rally vehicles, reducing rotating mass is essential for improving drivetrain response and overall vehicle dynamics, making aluminium driveshafts a popular choice over steel alternatives (William D.Callister, 2018).However, the performance of aluminium alloys is highly dependent on alloy structure and heat treatment, meaning that variations in material suppliers or processing conditions can significantly affect mechanical properties and structural reliability (Davis, 1993).
[image: ]Tensile testing is a fundamental method used to characterise the mechanical behaviour of metallic materials under uniaxial loading. The resulting stress/strain curve provides key properties such as Young’s modulus, yield strength, and ultimate tensile strength, which are critical for measuring material performance under applied loads (Hosford, 2010). Young’s modulus represents the stiffness of a material and again like stated by Davis Jr (Davis, 1993) is independent of heat treatment but additionally can be influenced by testing accuracy, defects, or microstructural inconsistencies (Jones, 2013). Ultimate tensile strength corresponds to the maximum engineering stress achieved during loading and indicates the maximum load the material can withstand before necking and fracture.Figure 2


Despite acceptable tensile properties, aluminium components frequently fail under fatigue loading. Aluminium alloys do not possess a true fatigue endurance limit, meaning failure can occur at stress levels well below the yield strength when subjected to repeated loading cycles (Schijve, 2009). In rally environments, driveshafts experience severe repeated loads, shock loading, and torque fluctuations, increasing the likelihood of fatigue crack initiation and propagation. Such fatigue failures often end in sudden catastrophic fracture with little prior plastic deformation (Stephens, 2001).
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[image: ]Figure 3

A tensile test was carried out using the TecQuipment ES6 Tensile Tester Kit to investigate the tensile properties of the specimen material. The aim of the test was to obtain stress–strain data and use this to determine the material’s yield strength, ultimate tensile strength, and Young’s modulus. 
Before testing, the specimen was selected and its thickness and width at the gauge length were measured using a dial calliper in order to calculate the original cross-sectional area. The original length of the specimen was also measured and recorded. 
[image: ]The specimen was then fitted to the tensile tester, and the dial indicator was set to zero. The reading on the vertical scale was noted before loading began. The specimen was loaded by turning the load nut clockwise in small 0.2 mm increments up to 10 mm until fracture occurred. At each stage, the dial indicator reading was recorded while keeping the rate of loading as consistent as possible. Figure 4

[image: ]After fracture, the specimen was removed and the broken ends were pushed together so that the final length could be measured. The recorded dial indicator values were then converted into force values, and the extension at each step was found by subtracting the dial indicator reading from the load nut movement. These results were then converted into engineering stress and nominal strain. 
Engineering stress and nominal strain were calculated using:Figure 5



where  is stress,  is force,  is the original cross-sectional area, is nominal strain, is extension, and  is the original gauge length. These values were plotted on a stress–strain graph for the specimen. From the graph, the yield point, tensile strength, and the gradient of the elastic region were identified.
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The tensile test results for the aluminium specimen show that the material reached a maximum recorded stress of 277 MPa, which represents the ultimate tensile strength of the sample. This occurred at the highest recorded force of 554 N, with a corresponding nominal strain of approximately 0.0535. The specimen also showed a final length increase from 31.00 mm to 36.51 mm, giving a percentage elongation of 17.8%, which indicates that the material retained a significant degree of ductility before fracture. 
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Graph 1


From the stress–strain trend, the aluminium initially displayed a linear response, indicating elastic deformation. However, at higher stress values the curve began to deviate from this near-linear behaviour, with strain increasing more rapidly while stress increased at a slower rate. This change is consistent with the beginning of yielding and plastic deformation. Based on the measured data, the yield stress can be estimated at 2.55–2.60 × 10^8 N/m² (255–260 MPa). After this point, the aluminium continued to deform plastically until fracture, with the stress increasing only slightly from the estimated yield region to the maximum tensile stress of 277 MPa. 
The measured tensile properties suggest that the aluminium alloy provided had suitable static tensile strength. The reported maximum operating stress for the driveshaft was 90 MPa, which is below both the estimated yield stress and the measured ultimate tensile strength. This means that under simple static loading, failure should not have occurred. Comparing the working stress to the estimated yield stress gives a ratio of approximately 0.35, showing that the shaft was operating well below the stress required for permanent deformation in a standard tensile loading condition. Based on this comparison, the failure is unlikely to have been caused by direct tensile overload alone.
A more likely explanation is fatigue-related failure under dynamic service conditions. Although the tensile test confirms that the material was strong in static loading, rally driveshafts are subjected to repeated torsional loading, shock loads, vibration, and stress absorptions. These repeated effects can initiate and generate cracks at stress levels lower than the tensile yield strength. This explanation is also supported by the sudden and catastrophic nature of the reported driveshaft failure, which is normal of fatigue crack growth followed by final rapid overload.
The stiffness of the specimen was estimated from the gradient of the initial linear region of the stress–nominal strain curve. Using representative points from the elastic region, where the stress increased from 16 MPa to 71 MPa while the nominal strain increased from 0.00258 to 0.00581, the gradient was:

This gives a apparent Young’s modulus of approximately 17.1 GPa. However, the TecQuipment ES6 guidance notes state that the machine measures nominal strain rather than true specimen strain, because displacement in the grips and frame contributes to the measured extension. Therefore, this value is more suitable for relative stiffness comparison than for a precise determination of true Young’s modulus.
Overall, the results indicate that the aluminium material did not fail because of insufficient static tensile strength. Instead, the most probable cause of failure was fatigue or another service-related mechanism such as local stress concentration, impact loading, or material inconsistency associated with the new supplier.


















[bookmark: _Toc227946139]Conclusion

To prevent similar failures in future, stricter material quality control should be introduced, especially when changing suppliers, to ensure consistency in alloy structure and heat treatment. The driveshaft geometry should also be reviewed to reduce stress concentrations at features such as splines, shoulders, and section changes. In addition, selecting an aluminium alloy with improved fatigue resistance, improving surface finish, and applying treatments such as shot peening would help delay crack initiation. Finally, routine inspection and scheduled replacement after a set time of driveshafts used in rally conditions would reduce the risk of sudden fatigue-related failure. The test results show that the material possessed acceptable static strength for the reported service stress, so prevention should focus primarily on fatigue performance rather than only increasing tensile strength.
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