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[bookmark: _Toc228126780]Introduction 
This investigation looks at the serious failure of two aluminium alloy drive shafts during the fourth and fifth stages of the Dakar Rally. Both parts broke completely under racing conditions, which led to the immediate halt and withdrawal of the vehicles. Although the drive shafts were made according to previous design standards, the racing team recently changed material suppliers and suspects a major flaw in the current alloy. Initial data show that the maximum stress the part experienced during operation was 90 MPa. To explore this issue, a tensile test was conducted on a material sample to determine the yield strength, ultimate tensile strength, and Young’s modulus. By examining these mechanical results and analysing the fracture surface, this report aims to determine the cause of the failure and suggest ways to mitigate similar risks in future races.


[bookmark: _Toc228126781]Literature Review 
[bookmark: _Toc228126782]2.1 Mechanical Properties for Drivetrain Applications
When choosing materials for drive shafts in off-road racing, it is important to balance high torque transmission with the ability to handle unexpected impact loads. The main property to consider is Yield Strength. This defines the limit of elastic behaviour. If this value is exceeded, it causes permanent deformation, which can lead to misalignment or immediate failure (Budynas and Nisbett, 2020). For high-performance needs, aluminium alloys from the 7000-series (Al-Zn) are often chosen because they have better strength-to-weight ratios than traditional steels. (MatWeb, 2023) Additionally, Young’s Modulus E is important for measuring the stiffness of the shaft. A material with an unsuitable modulus can lead to too much torsional deflection. This would affect the vehicle's power delivery and may cause resonance problems within the drivetrain. 
[bookmark: _Toc228126783]2.2 Fatigue and Fracture Mechanics
The Dakar Rally features cyclic loading over thousands of kilometres, making Fatigue Strength a key factor. Fatigue failure tends to occur at stress levels well below the material's static tensile strength. (Callister, 2000). Studies show that surface finish and production methods, such as machining or extrusion, can create stress points that serve as crack initiation sites. The Fracture Toughness of the alloy is crucial for resisting crack growth once a flaw appears. In high-vibration settings, materials with low toughness can experience serious “brittle-like” fractures, even if they have high static strength. (Milliken and Milliken, 1995)
[bookmark: _Toc228126784]2.3 Standardised Testing Methods
To confirm these properties, the Tensile Test is the industry standard. This involves applying controlled axial tension to a specimen until it fails. Engineers can then create a Stress-Strain curve from this. This method enables them to precisely calculate the Ultimate Tensile Strength (UTS), which is the maximum stress the material can withstand, and the Ductility, measured as the percentage elongation before fracture. For automotive parts, testing should meet recognised standards, such as ASTM E8/E8M, to ensure the data aligns with manufacturer specifications and supplier-provided documents. (American Society For Testing And Materials. Committee E-28 On Mechanical Testing and ASTM Subcommittee 28.04 On Uniaxial Testing, 2016)





[bookmark: _Toc228126785]Method
The experimental investigation used a universal tensile testing kit to assess the mechanical integrity of the aluminium alloy. The process began by securing a standardised test specimen, with an initial gauge length of 31 mm and a cross-sectional area of 2 square mm, between the fixed upper grip and the movable lower crosshead of the apparatus. To ensure accurate data, a dial indicator was set up to measure the crosshead's vertical movement, and the force gauge was zeroed to remove any initial weight. The specimen underwent quasi-static axial loading by turning the load nut at a controlled rate. The measurements of tensile force (in Newtons) and corresponding extension (in mm) were recorded at 0.20 mm increments. This incremental process continued through the elastic region, beyond the limit of proportionality, and into the plastic region until ultimate failure. After the physical test, the raw data was converted to basic engineering units. engineering stress was then obtained by dividing the applied force by the original cross-sectional area, and engineering strain was calculated by dividing the extension by the original gauge length. These processed values are used to create a stress-strain diagram. This diagram provided a visual basis for finding Young’s Modulus from the slope of the linear elastic region and identifying the Ultimate Tensile Strength at the top of the curve.

1. [bookmark: _Toc228126786]Results
	Load Nut Movement (mm)
	Dial Indicator (mm)
	Force (N)
	Extension (mm)
	Stress (Pa)
	Strain

	0.00
	0.00
	0.00
	0
	0.00
	0.00

	0.20
	0.10
	10
	0.10
	5.00E-06
	0.003226

	0.40
	0.26
	26
	0.14
	1.30E-05
	0.004516

	0.60
	0.43
	43
	0.17
	2.15E-05
	0.005484

	0.80
	0.65
	65
	0.15
	3.25E-05
	0.004839

	1.00
	0.81
	81
	0.19
	4.05E-05
	0.006129

	1.20
	1.02
	102
	0.18
	5.10E-05
	0.005806

	1.40
	1.22
	122
	0.18
	6.10E-05
	0.005806

	1.60
	1.38
	138
	0.22
	6.90E-05
	0.007097

	1.80
	1.52
	152
	0.28
	7.60E-05
	0.009032

	2.00
	1.67
	167
	0.33
	8.35E-05
	0.010645

	2.20
	1.84
	184
	0.36
	9.20E-05
	0.011613

	2.40
	2.03
	203
	0.37
	1.02E-04
	0.011935

	2.60
	2.21
	221
	0.39
	1.11E-04
	0.012581

	2.80
	2.44
	244
	0.36
	1.22E-04
	0.011613

	3.00
	2.61
	261
	0.39
	1.31E-04
	0.012581

	3.20
	2.74
	274
	0.46
	1.37E-04
	0.014839

	3.40
	2.88
	288
	0.52
	1.44E-04
	0.016774

	3.60
	3.00
	300
	0.60
	1.50E-04
	0.019355

	3.80
	3.08
	308
	0.72
	1.54E-04
	0.023226

	4.00
	3.17
	317
	0.83
	1.59E-04
	0.026774

	4.20
	3.24
	324
	0.96
	1.62E-04
	0.030968

	4.40
	3.36
	336
	1.04
	1.68E-04
	0.033548

	4.60
	3.40
	340
	1.20
	1.70E-04
	0.03871

	4.80
	3.45
	345
	1.35
	1.73E-04
	0.043548

	5.00
	3.51
	351
	1.49
	1.76E-04
	0.048065

	6.00
	3.56
	356
	2.44
	1.78E-04
	0.07871


Table 4.1 – Data Table 


[bookmark: _Toc228126787]Analysis 
[bookmark: _Toc228126788]Young’s Modulus  
The stiffness of the material, known as Young’s Modulus, was determined by examining the linear elastic region of the stress-strain curve. This involved calculating the slope of the initial straight-line part of the graph. This is done by dividing the change in stress by the change in strain. This value indicates the material's basic resistance to elastic deformation and shows whether the correct alloy grade was supplied.
                                                                                               
[bookmark: _Toc228126789]Yield Strength 
The yield strength was determined by identifying the exact point at which the material ceases to behave elastically and begins to deform permanently. To calculate this from the lab data, the force at the "tipping point," which was 260 N, was divided by the sample's 2 mm^2 area. This calculation results in a yield strength of  130  MPa. This value is critical because it represents the maximum load the drive shaft can handle before it deforms, affecting the vehicle's alignment. The equation used is the yield force divided by the original cross-sectional area. Even though this result is higher than the 90 MPa typically seen in racing, the small difference between the two explains why the parts snapped when the car hit bumps or experienced heavy vibrations on the rally track.

[bookmark: _Toc228126790]Yield Strength/Force on Graph
The yield point is found on the stress-strain graph where the initial straight, diagonal line begins to curve to the right. This happens at a stress level of 130  MPa. This value indicates the point at which the material transitions from elastic stretching to permanent plastic deformation. This point is important because it indicates the maximum stress the aluminium can withstand before it deforms and loses its structural integrity. This marks the limit of the drive shaft's functional failure.
[image: ]
Figure 5.1 Graph Showing Yield Point 
[bookmark: _Toc228126791]Ultimate Tensile Strength 
The ultimate tensile strength is the maximum stress a material can withstand before necking occurs. It is calculated by dividing the maximum force recorded during the test (355N) by the original cross-sectional area of 2 mm ^2. This results in an ultimate tensile strength of  177.5 MPa. On the stress-strain graph, this value appears at the curve's peak. This isn't where the line ends. After reaching this peak, the material becomes unstable, and the force needed to stretch actually decreases. Therefore, the line slopes downward from this peak to the fracture point, where the specimen breaks. For the racing team, this result is important because it shows that the material is much weaker than the high-grade aluminium needed for the rally environment.




[bookmark: _Toc228126792]Conclusion  
The forensic analysis of the failed drive shafts, along with tensile testing of the provided samples, confirms that the primary cause of failure was an error in material specifications. The investigation provided clear evidence that the alloy used in the "new" batch of components had mechanical properties far weaker than those required for high-performance off-road racing. The data indicates that the material could not handle the repeated loads and intense vibrations typical of the Dakar Rally.  “The choice of materials plays a crucial role in the overall build quality of these vehicles, directly impacting their speed, efficiency, and handling” (Lawton, 2025)
[bookmark: _Toc228126793]Cause of Failure and Recommendations
The investigation found a Yield Strength of 130 MPa, which is not enough for the Dakar environment. Although this value is technically above the static operational load of 90 MPa, the Safety Factor is dangerously low, at about 1.4. In a rally, shock loads from jumps and uneven terrain can easily double or triple the nominal stress, quickly exceeding this limit. “ The standard Yield Strength of 7075-T6 aluminium is approximately 503MPa”. Furthermore, the Ultimate Tensile Strength of 177.5 MPa and a Young’s Modulus of 15.4 GPa suggest that the material was likely low-grade cast aluminium instead of the specified wrought aerospace alloy. The lack of stiffness (Young's Modulus) is especially important; it allowed for excessive twisting, which contributed to the initiation of fatigue cracks. The Young’s Modulus, or stiffness, was calculated at 15.4 GPa. This is a significant concern, as structural aluminium should have a stiffness of about 70 GPa (Engineering ToolBox, 2003). Being nearly five times less stiff than the industry standard indicates that the material was defective or the wrong grade entirely. This lack of rigidity caused the drive shaft to flex and vibrate excessively, resulting in the rapid fatigue failure observed in the race. 
[bookmark: _Toc228126794]Synthesis of Findings
A design flaw in the drive shaft geometry did not cause the failure. Instead, it was due to a material change by the supplier. The new material did not have the needed tensile strength and fatigue resistance. As a result, it reached its endurance limit within the first few stages of the rally. The fracture surfaces, along with the low ductility found in the lab, indicate a brittle fracture. After rapid fatigue crack growth, low-grade aluminium is highly susceptible to fatigue failure, where repeated racing vibrations cause microscopic cracks to grow and snap the metal unexpectedly. Because aluminium has no fixed endurance limit, even small loads eventually cause catastrophic failure in substandard alloys. (Farmer et al., 2022). To reduce future risks, the team should switch back to verified 7075-T6 wrought aluminium. This material provides the necessary fracture toughness for endurance. Additionally, adding a "Batch Verification" step that uses Hardness Testing would offer a non-destructive way to check the material grade before installation. Lastly, it is advisable to apply Shot Peening to the drive shaft surfaces. This process will create compressive residual stresses and help prevent crack formation. Shot peening strengthens a material's surface by using controlled impacts to create residual compressive stress. This protective layer counteracts tensile forces, effectively stopping fatigue cracks from starting where the material is most vulnerable. (lesjofors, 2025)
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