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1. [bookmark: _Toc227858863]Introduction
This report covers the methods used to analyse a sample of aluminium to investigate the fracture of a Dakar Rally drive shaft. The aim is to identify the root cause of the failure by determining the material properties through tensile testing, as well as to further identify the ideal material for the component. Key values including Young’s Modulus, yield strength and Ultimate Tensile Strength will be calculated and used alongside the known operating conditions to explain the failure of the component.



2. [bookmark: _Toc227858864]Literature Review
Tensile testing is carried out to determine the load at which the material fails and to establish its limits under tensile loading. In this case, the driveshaft material is aluminium, which is often selected due to its high strength to weight ratio. This makes it suitable in engineering applications where reduced mass is important, while still maintaining suitable strength when compared with heavier materials, such as steel. (Blackburns,2024)
Aluminium has advantages when used in drivetrain components, such as driveshafts. This material offers a significantly lower density, resulting in reduced mass and lower rotational inertia, which can improve vehicle responsiveness. However, it has a lower Modulus of Elasticity and fatigue strength compared to steel, meaning greater deformation and reduced durability under cyclic loading. In contrast, steel provides superior strength and fatigue resistance, making it more suitable for components under repeated torsional stresses. (Davis, 1993; Budynas and Nisbett, 2020; Totten, 2006). 
The Modulus of Elasticity of aluminium was determined using a tensile test, where the sample is gradually stretched under controlled conditions until failure. The stress and strain graph produced from this test shows how the material responds to loading. The slope of the initial straight line section of the graph represents the Modulus of Elasticity. This region is important because it shows elastic behaviour, meaning the material will return to its original shape once the load is removed. Beyond this point, the material begins to deform permanently which then leads to failure. (Piranha,2025)
From the data provided prior to testing the maximum amount of load that should be seen is 90MPa. Therefore, to validate the structural stability of this component is to observe the maximum load in the elasticity region and it to exceed the forces required before any damage is caused.
3. [image: ] Methodology[bookmark: _Toc227858871]Figure 1- Samples before and after test and dial calliper

The tensile test consists of taking a sample of aluminium with a cross-sectional area of 62 mm² and an original gauge length of 31 mm measured with a dial calliper. The sample is placed in a tensile testing machine and subjected to a gradually increasing load until failure. Extension is measured at intervals of 0.2 mm, and both load and extensions are recorded throughout the test. These values are then used to calculate engineering stress and strain for further analysis.
[image: ]
[bookmark: _Toc227858872]Figure 2- Test rig used

[image: ] Figure 2 shows the experimental equipment used to measure the deformation of a material under tension. The sample is securely clamped at two points, ensuring that the applied load is transmitted evenly along its length. The vertical rods guide the movement of the system and maintain alignment during loading, preventing any bending or sideways displacement.
A gradually increasing load is applied every 2 markers causing the equipment to stretch 0.1mm, causing the material to stretch between the clamps. As the force increases, the extension of the material is measured using the dial gauge positioned at the base of the apparatus. This gauge allows for precise readings of small changes in length then is noted for further calculation.
 













[bookmark: _Toc227858873]Figure 3- Material fracture

Figure 3 illustrates the location of a stress concentration occurring at the transition between a thin section and a thicker section of the material. At this point, the load is no longer distributed uniformly due to the change in cross-sectional area, resulting in localised stress concentrations. These regions act as critical points where stress is amplified, making them highly susceptible to crack initiation and eventual failure. 
This shows the necking of the material before breaking, due to its high ductility and malleability, this is caused from taking the material past its Modulus of Elasticity into its ultimate strength before the material finally fractures.

[image: ][bookmark: _Toc227858874]Figure 4- Nico Hülkenberg's wing failure

A comparable real-world example of materials not being able to withstand the forces required can be observed during the 2015 Hungarian Grand Prix, where Nico Hülkenberg experienced a front wing structural failure on lap 43. The failure occurred along the main straight under significant aerodynamic and inertial loading due to the straight line speed. Repeated loading cycles and potential preexisting defects due to possible bumps are likely to have introduced stress concentrations within the structure, ultimately leading to sudden failure. The resulting loss of downforce as well as driving over the debris caused the vehicle to leave the track under braking, resulting in the car colliding with the barrier and the end of Hulkenberg’s race. (Sky Sports,2015) 
This behaviour directly relates to the analysed drive shaft test component, where fracture is most likely to initiate at geometry changes in material such as contoured diameters or fillet transitions. Under constant loading conditions, these stress concentrations promote fatigue crack initiation, which then propagates until final failure occurs. This highlights the importance of incorporating smooth transitions, appropriate fillets, and uniform load paths in engineering design to minimise stress concentrations and improve component durability.
This is the main reason why aeroplane windows are oval, one case where this wasn’t the case is with the De Havilland DH.106 Comet, this aircraft was one of the initial planes that had square windows instead of the traditional oval, the reason why they are shaped like this is to disburse load and not have any stress points  that the square windows had.  
 This correlates to why Aeroplane windows show the importance of incorporating smooth transitions, appropriate fillets, and uniform load paths in engineering to minimise stress concentrations and improve component durability. Early aircraft design did not always consider these principles. A notable example is the De Havilland DH.106 Comet, one of the first commercial jet airliners, which originally featured square windows. These square geometries introduced sharp corners that acted as stress concentration points under consistent pressurisation. As a result, fatigue cracks initiated at these of high stress and propagated through the fuselage, ultimately leading to structural failure.


Further design improvements replaced square windows with oval shapes, as rounded geometries distribute stress more evenly and significantly reduce the likelihood of crack initiation. This case demonstrates the critical role of geometric design in managing stress distribution and ensuring structural integrity in engineering applications.




4. [bookmark: _Toc227858866][image: ]Test results[bookmark: _Toc227858877]Table 1- Material testing results



5. [bookmark: _Toc227858867]Analysis
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[bookmark: _Toc227858875]Figure 5- Modulus of elasticity
Figure 5 illustrates the mechanical properties of the tested material as seen from the stress strain curve, including the Modulus of Elasticity, yield strength, ultimate tensile strength, and the point of final fracture.
The Modulus of Elasticity is observed between 0 and approximately 4 MPa. In this region, stress is directly proportional to strain, indicating elastic behaviour where the material will return to its original shape upon unloading. The slope of this section represents the stiffness of the material.
The yield strength occurs at around 4.5 MPa, marking the transition from elastic to plastic deformation. Beyond this point, the material begins to deform permanently, meaning it will not fully recover its original dimensions if the load is removed.
The ultimate tensile strength (UTS) is reached at approximately 5.3 MPa, which represents the maximum stress the material can withstand before failure begins. At this stage, the material experiences its highest load-bearing capacity.
From these values, it can be observed that the material is highly unsuitable for the intended application, since the maximum stress of 90 MPa is roughly 16 times greater than what the material can withstand.
 

6. [bookmark: _Toc227858868]Conclusion
In conclusion, the material tested can be observed of having 5.3Mpa of force applied before fracture making this material unsuitable. The test piece shows that the maximum force would be one way to prevent mechanical failure issues during a racing scenario like Dakar is to test the materials used in new components before assembly. A possible cause could be the change in supplier without the validation of the materials limits, as well as the environment as Dakar requires a lot of strain on the vehicle. The Dakar Rally takes place in an unforgiving environment, primarily crossing Saudi Arabian deserts, where towering dunes put a lot of strain due to the high power of the vehicle for this terrain. With the material being unsuitable being the biggest factor all this combined result in fracture.
[bookmark: _Toc227858869]6.1 Further Work
[image: ]Materials selected should be capable of withstanding the maximum forces recorded in the Dakar, measured at approximately 90 MPa. Both tensile and yield strength must be considered to ensure the driveshaft can endure these loads. As with any racing application, achieving an optimal size to weight ratio is critical, so the component’s diameter must be carefully designed to balance structural performance with minimal mass while remaining compatible with the overall system. [bookmark: _Toc227858878]Table 2- Metal Strength to Weight Ratio Chart (PartMfg,2025)


Table 2 compares the tensile strength, yield strength, density, and strength to weight ratio of various metals. Based on these factors, magnesium stands out as the most suitable option due to its exceptionally high strength to weight ratio combined with its low density. Although its absolute strength is lower than materials such as steel or titanium, being lightweight makes it highly advantageous in performance focused applications. (PartMfg,2025)
This is why magnesium is commonly used in high end motorsport and should be recommended as a substitute, particularly for engine and drivetrain components. Its good thermal conductivity is also beneficial, as it helps manage heat transfer from the engine and gearbox, which is a critical consideration in such high-performance environments. A more specific type of material recommended being Magnesium AZ31B Alloy that has a Tensile strength of 260Mpa and yield strength of 200Mpa which is double the forces that are seen in Dakar. (Totalmateria,2010)

Carbon composite materials are widely used in the Dakar racing industry, particularly in drivetrain components. A key example is GKN Automotive, one of the leading suppliers of driveshafts in Dakar, which has been producing composite driveshafts since 1988. Compared to traditional steel counterparts, carbon fibre driveshafts provide significant weight savings while maintaining comparable strength and durability. (AutoBiz Admin,2026)
[image: ]
[bookmark: _Toc227858876]Figure 6- Audi Quattro in Rally

A notable real world application of advanced driveshaft technology can be seen in the Audi Quattro Figure 6. Introduced in 1980, the Quattro featured a groundbreaking all wheel drive system that relied on multiple driveshafts to distribute power between the front and rear axles. This configuration greatly enhanced traction and stability, particularly on loose or low-grip surfaces such as gravel, snow, and mud conditions commonly encountered in rally racing. (AutoBiz Admin,2026, Audi,2023, Pollard Andrew,1999)
Despite their performance advantages, carbon fibre driveshafts have notable drawbacks, primarily related to cost. These components are expensive not only due to the high price of raw materials but also because of significant setup costs, including mould production, extensive testing, and complex manufacturing processes. (Pollard Andrew,1999)
They are also harder to recycle and difficult to repair often needing full replacement if damaged. Despite this, they are still used in motorsport because their low weight and high strength improve performance. (Pollard Andrew,1999, Mitsubishi,2025)
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image6.emf
Load Nut Movement (mm) Dial Indicator (mm) Force (N) Extension (mm) Stress (Mpa) Nominal Strain

0 0 0 0 0 0

0.2 0.113 11.250 0.088 0.18145 0.00282

0.4 0.270 27.000 0.130 0.43548 0.00419

0.6 0.443 44.250 0.158 0.71371 0.00508

0.8 0.608 60.750 0.193 0.97984 0.00621

1 0.803 80.290 0.197 1.29500 0.00636

1.2 0.970 97.000 0.230 1.56452 0.00742

1.4 1.150 115.000 0.250 1.85484 0.00806

1.6 1.320 132.000 0.280 2.12903 0.00903

1.8 1.495 149.500 0.305 2.41129 0.00984

2 1.688 168.750 0.313 2.72177 0.01008

2.2 1.860 186.000 0.340 3.00000 0.01097

2.4 2.030 203.000 0.370 3.27419 0.01194

2.6 2.210 221.000 0.390 3.56452 0.01258

2.8 2.373 237.250 0.428 3.82661 0.01379

3 2.523 252.250 0.478 4.06855 0.01540

3.2 2.633 263.250 0.568 4.24597 0.01831

3.4 2.725 272.500 0.675 4.39516 0.02177

3.6 2.858 285.750 0.743 4.60887 0.02395

3.8 2.914 291.400 0.886 4.70000 0.02858

4 3.010 301.000 0.990 4.85484 0.03194

4.2 3.095 309.500 1.105 4.99194 0.03565

4.4 3.125 312.500 1.275 5.04032 0.04113

4.6 3.245 324.500 1.355 5.23387 0.04371

4.8 3.310 331.000 1.490 5.33871 0.04806 Material: Aluminuim

5 Brake #VALUE! N/a N/a  N/a Original cross sectional area (mm^2 or m^2): 62

Original length(mm): 31
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Tensile Yield i Strength-
Density Hardness
Metal Type | Strength Strength to-Weight
(g/em?) y (HB)
(MPa) (MPa) Ratio
Steel 4002500 | 250-1500 | 7.8 High (51) | 120220
. Very High
Aluminum | 70-600 30-400 27 0 15100
Extremely
Titanium | 480-1150 | 275950 | 45 . 200300
High (107)
Copper 210480 | 70-400 896 Low (23) | 35100
. Very High
Magnesium | 180350 | 70-200 17 30-80
(108)
Moderate

Brass 200550 | 100350 |84 50-200
(28)

Inconel 8001600 | 5501300 | 8.5 High (47) | 150-400
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