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During the Dakar rally, both cars for the race team suffered failures during the fourth and fifth stages of the race respectively, these failures were both related to the driveshafts of the vehicles, where they completely fractured, rendering the vehicles immobile and forcing them both into early retirements from the race. 
[image: Fatigue failure of a machine's drive shaft (diameter = 25.4 mm) [1] |  Download Scientific Diagram]
Figure 1 - a photo of where the failed driveshaft has fracture as shown in the assignment brief
These shafts have been manufactured and assembled identically to previous iterations, using the same design and production methods. They are made from an aluminium alloy, with the specific grade and temper currently unconfirmed. A sample of the aluminium was provided to test its properties. The team has already changed the aluminium supplier, so they are confident that it was a material issue that caused the failure. The maximum stress measured on the part during operation in the rally was 90MPa.
This report aims to investigate the failure of the material through tensile testing of the available sample, identifying the root cause and proposing preventative measures. this report covers a literature review of the relevant material properties, the tensile test methodology, the results and analysis, and a conclusion with recommendations to improve the experiment.
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What properties matter for a driveshaft?
When selecting a material for a driveshaft application for use in the Dakar rally, several mechanical properties must be considered. Yield strength is the stress at which a material passes past the point where it can return to its original form or behave elastically. This indicates the point at which the material undergoes permanent deformation. (AKBAR AFAGHI-KHATIBI, YE and MAI, 2002)
For a rotating shaft subjected to cyclic loading, this is critical as the yield strength must exceed the maximum measured stress of 90MPa to be a competent part of the car. Ultimate tensile strength (UTS) is a numerical value for the maximum stress that a material can withstand without fracturing. This is calculated by dividing the maximum tensional load by the original cross-sectional area of the sample (Sakaguchi and Powers, 2012). This is important for a driveshaft as there are large rotational forces constantly going through the driveshafts, so they must be able to withstand these forces while still being structurally sound. 
The fatigue strength of a material refers to the maximum cyclic stress a material can endure repeatedly without fracturing. It is influenced by factors such as surface finish, component geometry, and residual stress (Ashby and Jones, 2012). For a driveshaft subjected to thousands of loading cycles during a rally stage, this property is critical in preventing crack initiation and propagation. 
Young’s modulus describes how resistant a material is to deformation when a force is applied. It measures the relationship between stress and strain while the material remains in its elastic region, indicating how much a component will stretch or compress under load (Zhang et al., 2016). For a driveshaft, a high young’s modulus is desirable as it ensures the shaft resists bending and deflection during operation, maintaining drivetrain alignment and efficiency. 
Hardness is a measure of how well a material can resist localized permanent surface damage such as scratching or indentation when a force is applied. It plays an important role in determining a material’s durability and ability to maintain its form under mechanical stress. Instead of being a standalone property, hardness is influenced by multiple factors including the materials composition, internal atomic structure and any treatments the material has undergone (Ahmadi, 2024).
 Hardness is less directly critical for driveshafts than other properties, but still has its benefits such as, hardness can extend the lifecycle of a mechanical part as it can resist surface wear. This is clearly important due to the driveshaft mounting to many crucial parts of the car’s drivetrain. A harder driveshaft would be a big benefit in the Dakar rally as the driveshaft is constantly exposed to rocks, debris, and tough terrain which could cause surface imperfections, leading to potential stress concentration points, this being particularly important as surface defects are where fatigue cracks usually initiate. Surface hardness directly influences fatigue performance as scratches and indentations on the surface create stress concentrations where fatigue cracks can start. Meaning insufficient hardness can directly contribute to premature fatigue failure.
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The equipment used in this experiment included a TecQuipment ES6 Tensile Tester, a dial indicator, a dial caliper for measuring specimen dimensions and a safety guard.
The specimen used is pictured below
[image: ]
Figure 2 - Nominal specimen measurements as shown in the guidance booklet
the specimen material was an aluminium alloy; however, the specific grade and temper were not confirmed prior to testing.
Procedure
The specimens’ dimensions (gauge length, width and thickness) were recorded to ensure that they lined up with the provided measurements. The initial cross-sectional area was then calculated from the measured dimensions and was used across the subsequent stress calculations.
Next, the sample was fitted into the ES6 Tensile Tester, (as seen below in figure 3) along with the safety guard and the dial indicator was then set to zero and the load nut was turned clockwise in 0.2mm steps, making sure to record the results shown on the dial indicator at each step in a table. This would then be repeated until the specimen would fracture, indicating a mechanical fault and the final dial reading would be recorded. 
The recorded data was the load applied, the extension of the specimen, which was calculated by subtracting the dial indicator from the load nut movement, stress was calculated by dividing the force by the cross-sectional area (0.000002m^2), and nominal strain by dividing extension by gauge length, which was 31 millimetres. This procedure was designed to ensure consistent data collection by testing multiple samples of the same grade and size of aluminium, however due to time constraints, the testing was only conducted on a single specimen. 
It was noted that a misread of the dial indicator occurred at the 1.40mm load nut step, resulting in a minor inconsistency in the stress-strain curve within the elastic region.
[image: ]
Figure 3 - the experiment apparatus as shown in the guidance booklet provided.
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	load nut movement
	dial indicator
	Force
	Extension
	Stress
	Nominal strain
	No. turns

	mm
	mm
	N
	mm
	N/m^2
	
	

	
	0.00
	0
	0.00
	0
	0
	0.00

	0.20
	0.10
	10
	0.10
	5000000
	0.003225806
	0.20

	0.40
	0.26
	26
	0.14
	13000000
	0.004516129
	0.40

	0.60
	0.45
	45
	0.15
	22500000
	0.00483871
	0.60

	0.80
	0.65
	65
	0.15
	32500000
	0.00483871
	0.80

	1.00
	0.81
	81
	0.19
	40500000
	0.006129032
	1.00

	1.20
	1.02
	102
	0.18
	51000000
	0.005806452
	1.20

	1.40
	1.38
	138
	0.02
	69000000
	0.000645161
	1.40

	1.60
	1.52
	152
	0.08
	76000000
	0.002580645
	1.60

	1.80
	1.67
	167
	0.13
	83500000
	0.004193548
	1.80

	2.00
	1.84
	184
	0.16
	92000000
	0.00516129
	2.00

	2.20
	2.03
	203
	0.17
	1.02E+08
	0.005483871
	2.20

	2.40
	2.21
	221
	0.19
	1.11E+08
	0.006129032
	2.40

	2.60
	2.44
	244
	0.16
	1.22E+08
	0.00516129
	2.60

	2.80
	2.61
	261
	0.19
	1.31E+08
	0.006129032
	2.80

	3.00
	2.74
	274
	0.26
	1.37E+08
	0.008387097
	3.00

	3.20
	2.88
	288
	0.32
	1.44E+08
	0.010322581
	3.20

	3.40
	3.00
	300
	0.40
	1.5E+08
	0.012903226
	3.40

	3.60
	3.08
	308
	0.52
	1.54E+08
	0.016774194
	3.60

	3.80
	3.17
	317
	0.63
	1.59E+08
	0.020322581
	3.80

	4.00
	3.24
	324
	0.76
	1.62E+08
	0.024516129
	4.00

	4.20
	3.36
	336
	0.84
	1.68E+08
	0.027096774
	4.20

	4.40
	3.40
	340
	1.00
	1.7E+08
	0.032258065
	4.40

	4.60
	3.45
	345
	1.15
	1.73E+08
	0.037096774
	4.60

	4.80
	3.51
	351
	1.29
	1.76E+08
	0.041612903
	4.80

	5.00
	3.56
	356
	1.44
	1.78E+08
	0.046451613
	5.00

	5.20
	FAIL
	
	
	
	
	5.20

	5.40
	
	
	
	
	
	5.40




Figure 4 - Stress Vs Nominal Strain curve for aluminium alloy specimen
In figure 4, the initial clear elastic region, where the specimen would still behave elastically, meaning the deformation is fully recoverable upon removal of the load. The curve begins to flatten at an approximate strain value of 0.006, which is also where the maximum yield strength is. The maximum stress was also reached before the point of fracture at an approximate strain value of 0.046, while reaching a maximum stress of 178MPa prior to the fracture occurring. Several anomalous data points are visible within the elastic region of the stress-strain curve, most notably between strain values of 0.002 and 0.007, attributed to inconsistent dial indicator readings during the early stages of testing. These irregularities prevent a clearly defined elastic region, but do not affect the overall shape of the curve beyond this range.
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the yield strength of the specimen was determined from the stress-strain curve as the point where the material transitions from elastic to plastic behaviour, identified at approximately 120-130MPa.

The ultimate tensile strength can be calculated by using the equation below, whilst using the results recorded in the experiment.

The young’s modulus of the aluminium can be calculated by using the equation:

The expected young’s modulus for aluminium typically ranges from as low as approximately 58GPa to approximately 87GPa, depending on what other metals are included in the alloy and the heat-treating process applied to said alloy (Doty et al., 2025). The young’s modulus of the aluminium can be calculated from the gradient of the graph by using the equation:


This calculated value of the young’s modulus is still lower than expected. However, this is also expected because the strain result used was the nominal strain, which includes the specimen stretch and the machine stretch. This has a large impact on the calculated value for the young’s modulus as the young’s modulus depends on strain, so an inflated strain value would result in an underestimated value for the young’s modulus. The ES6 kit used in this experiment acknowledges this limitation in its design as it is an educational tool and not a precision instrument (TecQuipment Ltd, 2012). Hence, the value of 22.5GPa is reasonable given the ES6 machines limitations with nominal strain measurement. 
The maximum operational stress experienced by the drive shaft during the Dakar rally stages was 90MPa. The yield strength determined from testing is 120-130MPa. Since the operational stress of 90MPa is below the yield strength, the material should theoretically remain in the elastic region and not experience permanent plastic deformation under norma operating conditions.
However, the shafts both fractured during stages 4 and 5 at a maximum operational strength of 90MPa, suggesting a more complex failure mechanism. The most likely cause is fatigue failure due to cyclic loading during rough terrain operation. The Dakar rally involves extreme impact and vibration conditions, which generate large cyclic stresses that can initiate fatigue cracks well below the yield strength. Additionally, the recent supplier change might have introduced material inconsistencies.
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The drive shafts on both Dakar rally vehicle fractured during stages 4 and 5 despite being manufactured identically to previous iterations using the same design and production methods. The maximum operational stress of 90MPa is significantly below the measured yield strength of 120-130MPa, suggesting that the sample material overload cannot explain the failures.
Analysis of the tensile test results reveals that fatigue failure is the most likely cause of failure. The key evidence supporting this conclusion includes the operational stress of 90MPa falls within the elastic region below yield strength, ruling out static overload failure. The shafts experienced cyclic loading from rough Dakar rally terrain, which is well known to initiate fatigue cracks at stresses far below yield strength. Both shafts failed during successive stages, suggesting a progressive failure mode consistent with fatigue crack propagation, rather than sudden brittle fracture. The recent change in aluminium supplier may have introduced material with lower fatigue properties than the original specification, as evidenced by the unexpectedly low young’s modulus measurement of 22.5GPs vs the expected 58-87GPa.
The discrepancy between the calculated 22.5GPa and the expected 58-87GPa young’s modulus values, while partly attributable to measurement limitations of the ES6 testing apparatus, also suggests potential material property differences from the new supplier. This reinforces the likelihood that material inconsistencies contributed to the failures.
To prevent similar failures in the future, the following measures should be taken: material verification from the new supplier, with a large focus on comparing the chemical composition, heat treatment and the mechanical properties against the original specification. Fatigue testing should also be conducted on samples from the new supplier to determine the actual fatigue limit of the current material through S-N curve analysis. This would establish whether material property changes contributed to the failures. A detailed examination of both failed shafts should be performed to identify fatigue crack initiation points and surface defects, which will provide evidence of the failure mechanism.
In conclusion, the evidence strongly suggests that fatigue failure caused by cyclic Dakar rally loading, combined with potential material inconsistencies from the new supplier, represents the root cause of the driveshaft failures. While the materials yield strength is adequate for the nominal operational stress, the cyclic nature of the loading environment and possible changes in fatigue properties make fatigue the most plausible failure mechanism. 
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