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1. [bookmark: _Toc228044187]Introduction
The Dakar rally is a staple of WRC after the first race in 1978. This rally requires a high heat tolerance and hard materials to resist the corrosion from the sand. This report aims to understand why the aluminium drive shaft failed, to understand the potential dangers of using the incorrect materials and suggest a new material that will withstand the environment for many different rallies. The report will also aim to identify the alloy’s young’s modulus, yield strength and ultimate tensile strength. With these calculations, the report will be able to identify the materials limits and suggest the required materials that fits within their required needs. Below is an image of the team’s failure.
[image: Fatigue failure of a machine's drive shaft (diameter = 25.4 mm) [1] |  Download Scientific Diagram]
[bookmark: _Toc227877265][bookmark: _Toc228043307]Figure 1 - The Failed Drive Shaft (Provided by Kevin Rogers)



2. [bookmark: _Toc228044188]Literature Review
When selecting a material to use for a drive shaft for a rally car, it is important to examine the materials properties to understand if the material will be able to withstand the force it would be under during a rally. Rallying is one of the more forceful motorsports due to the constant bumps, high speeds and often airtime resulting in hitting the floor at high speeds. Due to this, the material selected must be strong enough able to withstand many different types of failures. Aluminium can be a good option for this due to its low density. This means that there is less weight in the vehicle which should improve the speed of the vehicle. On the other hand, aluminium can be a bad option due to its low impact resistance. This means if the shaft is hit by a stone at high speeds, it could cause serious damage to the shaft and possibly break it. Impact resistance can be tested in different ways, but the two main ways are a puncture impact test or a drop weight impact test. A puncture impact test is described as dropping a sharp weighted object onto the piece, slowing increasing the weight until it punctures (Instron, n.d.). Steel has a much higher strength compared to aluminium but is also much denser, meaning it could add weight to the vehicle. 

Aluminium has a lower fatigue strength in comparison to other materials. This means that if there are higher loads of torque, there is potential for there to be serious cracks. This is vital to consider for rallying as rally cars are often under extreme torque due to having to accelerate harshly and at different times. Rally cars can reach torque levels of 500Nm (Calendar-UK, n.d.). To test for fatigue, a rotating bending test can be performed. This is done by rotating a specimen while a bending load is applied (Guagliano, n.d.). 

Aluminium is also a nonferrous metal, meaning it is much less likely to corrode from water. On the other hand, aluminium can corrode from sand. This is important to note for the Dakar rally as sand can cause impact to the part causing it to eventually need to be replaced. This would slowly ware away at the shaft. 

All of these properties are vital when it comes to the Dakar rally due to its harsh conditions. The maximum temperature should also be considered as the temperatures in Dakar can reach up to 35 degrees Celsius. Aluminium has a melting point temperature of 660 degrees Celsius and rally/track cars brakes reach temperatures of up to 500 degrees Celsius (Bird, 2026). This is vital when selecting a material for a drive shaft due to its location on a vehicle, often very close to the brakes. This means that the temperature radiating from the brake discs could cause the alloy to expand and become more mailable. In worse case scenarios, this could cause the part to melt off of the vehicle.
[image: drive shaft components]
[bookmark: _Toc228043308]Figure 2 - An illustration of the drive shafts positioning (Waken, 2025)


 
3. [bookmark: _Toc228044189]Experimental Procedure
The purpose of this test is to determine the maximum force that a piece of aluminium can withold before it snaps. There are many different steps to follow to complete this test with many different pieces of apparatus. The apparatus used is an aluminium alloy (30.9mm x 2mm x 1mm), dial indicator, tensile tester and the work panel. The first step of the experiment is to measure the aluminium alloys length, thickness and width. These results are then used to calculate the cross-sectional area which is then used for the strain calculation. Once this is measured it is important that the dial indicator is set to zero. If it is not zero, every measurement that is read from it will be inaccurate. This is a vital step when trying to ensure that the test is fair and accurate. Then, the piece is tightly fastened to the tensile tester, ensuring that it doesn’t move.
[image: ]Load Nut
Specimen
Dial Indicator

[bookmark: _Toc227877266][bookmark: _Toc228043309]Figure 3 - Fully setup tensile tester
Then turn the dial 2 full rotation for 0.2mm of extension measuring off from the dial indicator each time and ensuring the data is written down. This step is repeated until the aluminium alloy snaps as a result of the force. It is important that the rotations are consistent to ensure that 0.2mm extension is measured at each rotation (TecQuipment, 2012). Once the piece breaks, take photos and record the findings. 
Below is a close up image of the break revealing what type of break occurred
[image: ]
[bookmark: _Toc227877267][bookmark: _Toc228043310]Figure 4 - Close up image of the fracture point
This image shows the alloy just after it has snapped. From the image you can see that the part snapped by the fillets. This is not ideal for tensile tests as it should break in the middle. The fillets can also cause stress to be concentrated in those areas. This could be why the part snapped by the fillets instead of the middle (Reffat, n.d.). This image also shows that it was definitely a ductile fracture and not a brittle one. This is due to the necking at the top of the fracture showing its elasticity. The surface also shows lots of little scratches. This could potentially weaken the material causing it to break too early. 
[image: ]Necking

[bookmark: _Toc227877268][bookmark: _Toc228043311]Figure 5 - Different angle of fracture point
This image shows a clearer picture of the necking at the fracture point. This shows the necking going inwards. This is expected when dealing with a ductile material in a tensile test. When comparing this image of the break to the rally teams break, it appears to be much different. This is because of the thickness of the material used may have caused a different type of break.
[image: ]
[bookmark: _Toc227877269][bookmark: _Toc228043312]Figure 6 - Reference image showing a broken piece of aluminium and a non-broken piece.

4. [bookmark: _Toc228044190]Results
Below are the raw results pulled directly from the lab. These are then used to calculate more information within excel
[image: ]
[bookmark: _Toc227877270][bookmark: _Toc228043313]Figure 7 - Raw results pulled from the lab
From just these results you can see that this piece of aluminium alloy broke at 4.9mm of load nut movement. The 4.9mm movement resulted in a maximum of 3.04mm of dial movement before breaking at 2.97mm.  


5. [bookmark: _Toc228044191]Analysis

[bookmark: _Toc228044192]5.1 Calculations
There were many calculations used. Below is a list of calculations 
[bookmark: _Toc228044193]5.1.1 Force

Force is the first calculation needed as it is required to calculate the stress, strain, yield strength and ultimate tensile strength. 
[bookmark: _Toc228044194]5.1.2 Extension 

This calculation is used to calculate how much the material extended before failure. This is observed to be 1.83mm.
[bookmark: _Toc228044195]5.1.3 Cross Sectional Area 

The cross sectional area was calculated to be 2mm^2.
[bookmark: _Toc228044196]5.1.4 Stress

Stress is calculated to observe the internal state of a material and how it responds to outside forces (Engineering Technology, n.d.)

[bookmark: _Toc228044197]5.1.5 Strain

Strain is the measurement to deformation in comparison to external forces. This is used to calculate young’s modulus. This is important in engineering as strain is used in evaluation of a materials ductility and allows engineers to calculate how much energy a material can absorb before failure (McClements, 2023)
[bookmark: _Toc228044198]5.1.6 Young’s Modulus 

Youngs modulus is calculated to describe the elastic properties of a material undergoing forces in one specific direction (Britannica, 1998). This is highly relevant for this experiment as the piece was stretched in one direction. This was calculated to be 12.18GPa.
[bookmark: _Toc228044199]5.1.7 Ultimate Tensile Strength

This is the maximum stress a material can handle before it breaks. This was observed to be 152MPA.
[bookmark: _Toc228044200]5.1.8 Yield Strength

Yield strength is the maximum plastic deformation a material can handle before it breaks. This is observed to be 85MPa.



[bookmark: _Toc228044201]5.2 Table analysis
Below is the table that has had all of the calculations completed. 

[bookmark: _Toc227877300]Table 1 - Calculated properties of the alloy
[image: ]
This table shows all the calculated properties. From this, its is observed that the alloy has a yield strength of 85MPa. This is within the range of most aluminium alloys. It also has an ultimate tensile strength of 152. These results suggest that the alloy used for this experiment was EN AW-1100 key tempered. This is based on the fact that it has very similar results to the calculations above. This alloy has a tensile strength of 95MPa to 140MPa. This is slightly below the figure calculated above, but this could be due to an error when doing the experiment. EN AW-1100 key tempered also has a yield strength of 60MPa to 110MPa. The figure above falls directly into this range and why this hypothesis has been suggested (Mental Zenith, 2025). 
The young’s modulus can also be observed as 12.1GPa. This is well below the known figure for all aluminium alloys. Normally, they are in a range of 69GPa and 73GPa (AMESWEB, n.d.). There are many reasons as to why this could be incorrect, for example the thickness of the material would cause it to break much sooner or human error. It is possible that the piece was incorrectly installed to the tensile tester causing this number to come out incorrect.
[bookmark: _Toc227877301]Table 2 - Completed calculations
[image: ]
This table shows the completed calculations including stress and strain. From this, the moment that the part starts to fail can be seen at 304N of force. After this, the force drops to 297N right before it fails. The reason that the force drops is a result of the necking of the alloy. This means it is easier for the tensile tester to pull the specimen meaning the force required for the extension drops. It is also possible to see the plastic region begin at 2mm. This is the yield point, as is backed up by the calculations completed earlier on. This table also shows that the alloy withstood a strain of 0.059.


[bookmark: _Toc228044202]5.3 Graph analysis
[bookmark: _Toc228044203]5.3.1 Stress against Strain

[bookmark: _Toc227877271][bookmark: _Toc228043314]Figure 8 - Stress against Strain Graph
This graph shows stress’ relationship with strain and how it follows the usual pattern of an aluminium tensile test. It is possible to identify the plastic and the elastic regions. This helps identify the yield point. It is also possible to observe that the yield point is at 0.0097. After this, it slowly peaks towards the ultimate tensile strength of 152 before dropping to 148.5. this is because it is becoming easier for the machine to pull the part. Below is a graph showing a similar pattern.
[image: ]
[bookmark: _Toc227877272][bookmark: _Toc228043315]Figure 9 - Stress Strain Graph (Richard Waye - University Of Papa New Guinea)
This graph shows a much clearer yielder point. This is because it is a theoretical graph on how the aluminium alloy should act. This graph shows a similar end point before the fracture but there is bigger gap between the ultimate strength and the fracture point.
[bookmark: _Toc228044204]5.3.2 Force against Extension

[bookmark: _Toc227877273][bookmark: _Toc228043316]Figure 10 - Stress against Extension graph
This graph shows a yield point of 0.3mm of extension. In the table this correlates to 2mm of load nut movement. This was previously picked up in the table analysis. This graph shows a linear pattern up to 170N of force. This is 2mm of load nut movement, which is right on the yield point. After this, the plastic deformation begins. This graph is very similar to the previous graph referenced. It has a clear yield point as well as a clear ultimate strength.



6. [bookmark: _Toc228044205]Conclusion
In conclusion, there was a young modulus calculated to be 12.1GPa. this does not corelate to the usual young’s modulus of aluminium alloys. This could be incorrect due to an error within the experiment or the thickness of the alloy used. The ultimate tensile strength of 152MPa is very realistic for an aluminium alloy and aligns well with the graph and table analysis. Finally, the yield strength calculation of 85MPa is very likely for aluminium alloys. With the new supplier in mind, they could have supplied the incorrect aluminium alloy. This would cause the error that has previously not been seen. 
The potential cause of this failure is from the torque of the engine making the aluminium alloy fail from fatigue. To prevent this in the future, use a different material like carbon fibre or steel. Another mitigation technique could be to age harden the alloy as this significantly increases strength and fatigue resistance (Sharath, 2024).
In terms of a better material, a carbon fibre drive shift could be much better to use. This is due to its high heat resistance, an ultimate tensile strength of 2000MPa which is 13.2x stronger than the aluminium alloy (Material Properties, n.d.). Carbon fibre is a very light material that would also reduce the weight of the vehicle. The downside to carbon fibre is its price. Currently, performance carbon fibre costs £35/kg (XS Carbon Fibre, 2025). compared to aluminium which is £2.26 (GoldTrack, Livetracker).
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Specimen Material: Aluminium Cross Secional Area (mm*2) = 2
Original Cross Sectional Area: (mm*2) Cross Secional Area (m*2) = 0.000002
Original Length (mm): 30.9 Yield Strength (MPa) 85
Thickness (mm): 1 Youngs Modulus (GPa) 12.18833333
Width(mm) 2 Ultimate Tensile Strength 152
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Load Nut Movement (mm) Dial Indicator (mm) |Force (N) |Extension(mm) Stress (MPa) Nominal Strain
0 0 0 0 0 0
0.2 0.16 16 0.04 8| 0.001294498
0.4 0.34 34 0.06 17| 0.001941748
0.6 0.51 51 0.09 25.5| 0.002912621
0.8 0.69 69 0.11 34.5| 0.003559871
1 0.87 87 0.13 43.5| 0.00420712
1.2 1.05 105 0.15 52.5| 0.004854369
14 1.2 120 0.2 60| 0.006472492
1.6 1.37 137 0.23 68.5| 0.007443366
1.8 1.54 154 0.26 77| 0.008414239
2 1.7 170 0.3 85| 0.009708738
2.2 1.86 186 0.34 93| 0.011003236
2.4 2.05 205 0.35 102.5| 0.011326861
2.6 2.2 220 0.4 110| 0.012944984
2.8 2.35 235 0.45 117.5| 0.014563107
3 2.45 245 0.55 122.5| 0.017799353
3.2 2.57 257 0.63 128.5| 0.02038835
3.4 2.65 265 0.75 132.5| 0.024271845
3.6 2.74 274 0.86 137| 0.027831715
3.8 2.81 281 0.99 140.5| 0.032038835
4 2.89 289 1.11 144.5| 0.03592233
4.2 2.95 295 1.25 147.5| 0.040453074
4.4 2.97 297 1.43 148.5| 0.046278317
4.6 3.04 304 1.56 152| 0.050485437
4.8 2.97 297 1.83 148.5| 0.059223301
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