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[bookmark: _Toc228110565]Introduction
This report will investigate a hypothetical scenario at the Dakar rally involving two aluminium alloy drive shaft failures on each of the vehicles in the team; these failures happened during the fourth and fifth stages of the race and the maximum recorded stress recorded during operation was 90MPa. The failures are suspected to be a material issue due to a change in aluminium supplier, but the exact alloy grade and temper are unknown.
To investigate the failure, a tensile test was carried out on the aluminium alloy. The data gathered from this will be used to calculate its yield strength, ultimate tensile strength, and Young’s modulus. These values will be analysed to try and determine a possible root cause for the failure and, furthermore, potential preventative measures will be proposed to try and mitigate the risk of this type of failure happening in the future.


[bookmark: _Toc228110566]Literature Review
A drive shaft in a motorsport environment must have a combination of both strength and stiffness but not to be brittle to withstand the immense forces motorsport generates. This component is mostly subjected to torsional forces but bending and shock impacts also occur during off‑road racing such as the Dakar rally.
[bookmark: _Toc228110567]Required Properties
Yield strength and ultimate tensile strength are both very important material properties for this sort of application. Yield strength is the stress point at which the material will undergo plastic, permanent, deformation; ultimate tensile strength is the maximum stress a material can undergo without breaking completely (Ryerson, 2026). A driveshaft with insufficient yield strength may bend or otherwise deform under load. Seeing as the Dakar rally is an off-road event with unpredictable and suddenly changing surface conditions, a high yield strength is necessary for this application, even more so for ultimate tensile strength as the driveshaft would snap completely. 
Another important material property is fatigue resistance. This is how well a material can withstand, rather than high levels of stress, repeated applications of a lower stress without breaking (Cope, 2025). This is especially relevant for the Dakar rally as it covers thousands of kilometres over the course of multiple days, meaning a driveshaft with low fatigue resistance will eventually deform or break even if no exceptional stress is applied.
[bookmark: _Toc228110568]Material Choice
Aluminium alloys are often used as a material for driveshafts. Aluminium on its own already has a relatively low cost with a high strength to weight ratio, however, for more intense applications, such as a driveshaft, it is alloyed with other metals to improve its strength (Cooke, 2020). This, in turn, increases its yield strength, ultimate tensile strength, and fatigue resistance (depending on the alloy) making it an appealing choice for driveshafts. 
[bookmark: _Toc228110569]Testing Methods
The most popular and common way to gather values for yield and ultimate tensile strength for a specific material is a tensile test. A tensile test is completed to investigate how a material behaves under tension; this involves stretching a sample of the material until it fails and splits in two. This is relevant for deciding the driveshaft material as it gives important data for the stress and strain limits the material can handle (TestResources, 2026).

[bookmark: _Toc228110570]Methodology
[bookmark: _Toc228110571]The Apparatus
[image: ]The apparatus starts with a top and bottom chuck. This allows either end of the specimen to be bolted into the chucks and kept in place. 
The top chuck is connected to the load nut at the top of the apparatus, turning this will move the top chuck upwards away from the bottom chuck, stretching the specimen. The load nut also has a notch and a scale with 10 increments to show how far the top chuck has been pulled (where 1 increment = 0.1mm).
The bottom chuck is connected to two springs; this is so that a dial indicator can be used to measure the deflection of the springs as you turn the load nut. This is what is used to indicate how much the specimen has stretched.
The final apparatus (with specimen already inserted) can be seen in Figure 3.1.Figure 3.1

[bookmark: _Toc228110572]Securing the Specimen
To secure the specimen, loosen the bolts with an Allen key, remove the specimen fixings, position the specimen in the chucks as seen in Figure 3.1, then replace fixings and firmly retighten the bolts.
To ensure the specimen is correctly fitted, turn the load nut until the dial indicator just moves. You can now zero the dial indicator by turning the outer bezel until the pointer aligns with the zero on the scale.


[bookmark: _Toc228110573][image: ]Carrying out the Test
After the apparatus is set up, the specimen is secured, and the dial indicator has been zeroed, the test can begin. 
The load nut is to be turned clockwise so that the notch on the load nut is turned by 2 increments on the scale. This stretches the specimen 0.2mm meaning the reading on the dial indicator will have increased. Both the total load nut movement and the dial indicator reading must be recorded. 
This process is to be repeated until the specimen fails and splits into two pieces as seen in Figure 3.2. The test is now completed, and all the necessary data has been collected.Figure 3.2




[bookmark: _Toc228110574]Test Results
The raw data collected from the experiment only includes the load nut movement and the dial indicator reading. The force applied to the sample can be calculated by multiplying the dial indicator reading by 100 and the extension of the sample is simply the difference in load nut movement and the dial indicator.
 		
Where  and 
	Load Nut Movement (mm) 
	Dial Indicator (mm) 
	Force (N)
	Extension (mm)
	Stress (N/m^2)
	Nominal Strain

	0.0
	0.00
	0
	0.00
	0.00E+00
	0.00000

	0.2
	0.15
	15
	0.05
	7.50E+06
	0.00161

	0.4
	0.32
	32
	0.08
	1.60E+07
	0.00258

	0.6
	0.51
	51
	0.09
	2.55E+07
	0.00290

	0.8
	0.70
	70
	0.10
	3.50E+07
	0.00323

	1.0
	0.90
	90
	0.10
	4.50E+07
	0.00323

	1.2
	1.08
	108
	0.12
	5.40E+07
	0.00387

	1.4
	1.25
	125
	0.15
	6.25E+07
	0.00484

	1.6
	1.42
	142
	0.18
	7.10E+07
	0.00581

	1.8
	1.63
	163
	0.17
	8.15E+07
	0.00548

	2.0
	1.82
	182
	0.18
	9.10E+07
	0.00581

	2.2
	2.02
	202
	0.18
	1.01E+08
	0.00581

	2.4
	2.18
	218
	0.22
	1.09E+08
	0.00710

	2.6
	2.37
	237
	0.23
	1.19E+08
	0.00742

	2.8
	2.58
	258
	0.22
	1.29E+08
	0.00710

	3.0
	2.77
	277
	0.23
	1.39E+08
	0.00742

	3.2
	2.96
	296
	0.24
	1.48E+08
	0.00774

	3.4
	3.15
	315
	0.25
	1.58E+08
	0.00806

	3.6
	3.33
	333
	0.27
	1.67E+08
	0.00871

	3.8
	3.53
	353
	0.27
	1.77E+08
	0.00871

	4.0
	3.71
	371
	0.29
	1.86E+08
	0.00935

	4.2
	3.90
	390
	0.30
	1.95E+08
	0.00968

	4.4
	4.08
	408
	0.32
	2.04E+08
	0.01032

	4.6
	4.26
	426
	0.34
	2.13E+08
	0.01097

	4.8
	4.46
	446
	0.34
	2.23E+08
	0.01097

	5.0
	4.64
	464
	0.36
	2.32E+08
	0.01161

	5.2
	4.80
	480
	0.40
	2.40E+08
	0.01290

	5.4
	4.95
	495
	0.45
	2.48E+08
	0.01452

	5.6
	5.11
	511
	0.49
	2.56E+08
	0.01581

	5.8
	5.19
	519
	0.61
	2.60E+08
	0.01968

	6.0
	5.25
	525
	0.75
	2.63E+08
	0.02419

	6.2
	5.31
	531
	0.89
	2.66E+08
	0.02871

	6.4
	5.38
	538
	1.02
	2.69E+08
	0.03290

	6.6
	5.42
	542
	1.18
	2.71E+08
	0.03806

	6.8
	5.44
	544
	1.36
	2.72E+08
	0.04387

	7.0
	5.48
	548
	1.52
	2.74E+08
	0.04903

	7.2
	5.54
	554
	1.66
	2.77E+08
	0.05355


Table 4.1

Using the calculated stress and strain, a graph can be created which will let us determine the values for yield strength, ultimate tensile strength, and Young’s modulus. This can be seen below:


Figure 4.1


[bookmark: _Toc228110575]Analysis
The yield strength of the sample can be found by choosing the point on the curve in figure 4.1 where the sample begins to deform plastically (where the curve first begins to flatten out and stops being linear). This point was identified as roughly 2.32E+08 N/m^2.
The ultimate tensile strength is the maximum stress the sample can withstand without breaking (the highest point on the curve in figure 4.1).
The Young’s modulus of the sample is equal to the gradient of the linear/elastic portion of the curve in figure 4.1 (from 0 to 2.32E+08 N/m^2 on the curve)
Using these principles and figure 4.1, each of the values were determined and can be seen below:
	YM (N/m^2)
	Yield Strength (N/m^2)
	Ultimate Tensile Strength (N/m^2)

	2.27E+10
	2.32E+08
	2.77E+08


Table 5.1

 

[bookmark: _Toc228110576]Conclusion
[bookmark: _Toc228110577]Cause of Failure
The yield strength of the sample was roughly 232 MPa, but we know that the maximum recorded stress during operation of the vehicle was 90 MPa. Additionally, the failure occurred in the fourth and fifth stages of the rally meaning the vehicles were already thousands of kilometres in. This means that the yield strength and ultimate tensile strength were not the limiting factors with the aluminium alloy used on the driveshaft, and they were more than sufficient to accommodate the maximum stress generated during the rally. Therefore, the cause of failure to be suspected is the fatigue resistance of the alloy.
Smaller but repeated stress subjected to aluminium and aluminium alloys can still create cracks and weak points. Over thousands of kilometres, these small cracks can deteriorate until the driveshaft can no longer withstand normal operating stresses, even if the maximum stress subjected doesn’t come close to the yield strength of the alloy. 
This is relevant to the conditions of the Dakar Rally, where continuous vibration and unpredictable terrain subject the driveshaft to many low stress impacts. This means it is very possible a small crack could have propagated and caused the driveshaft to fracture on each vehicle.
[bookmark: _Toc228110578]Potential Remedies
Now that the root cause has been determined that the fatigue resistance of the aluminium alloy was insufficient, a potential remedy could be using either a different alloy of aluminium or a different metal entirely with a higher fatigue resistance. 
A better alloy for the driveshaft could be the (Al-Cu-Mg) aluminium alloys. These alloys provide not only a very high yield strength and ultimate tensile strength but also, more importantly, a superior fatigue resistance (Luo et al., 2026) which could be what the driveshaft needs to resist the conditions of the Dakar rally. However, these alloys tend to be very expensive and so other metals, rather than an alloy of aluminium, could be considered.
An alternative metal could be steel: some alloys of steel have been especially selected to improve the fatigue resistance of the metal. For this application steel tends to be alloyed with Manganese (Mn), Chromium (Cr), and Nickel (Ni). This greatly increases the fatigue resistance of the steel while keeping sufficient yield strength which makes it perfect for a driveshaft (Metal Zenith, 2025). Replacing the aluminium alloy driveshaft with this sort of steel alloy has a good chance of preventing the same failure from happening again. 
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