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1. [bookmark: _Toc227969109]Introduction
This report investigates the repeated failures of a driveshaft on a rally car during the Dakar Rally. The driveshaft failed in both the fourth and fifth stages after experiencing a maximum stress load of 90MPa. Notably, the failed components were manufactured from an aluminium alloy sourced from a new supplier, whilst the driveshaft design and manufacturing processes remained unchanged from previous iterations.
The objective of this report is to conduct a tensile test on a provided alloy sample and analyse the resulting data to determine key mechanical properties, including Yield Strength, Ultimate Tensile Strength and Young’s Modulus. These findings will be used to investigate the most likely cause of material failure. Finally, appropriate recommendations will be proposed to prevent similar failures from occurring in the future.

2. [bookmark: _Toc227969110]Literature Review
In motorsports, material selection is a critical starting point in the design process (TWI, 2025). The choice of material directly influences the performance and capabilities of the final product, affecting key properties such as strength, stiffness and ductility, as well as cost and manufacturability. These material properties are typically determined through standardised testing methods, ensuring that results are reliable, consistent and comparable across different materials.
[bookmark: _Toc227969111]2.1 Material Properties
For this report the key material properties being looked at were strength (both Yield and Tensile), stiffness (Young’s Modulus) and ductility (Elongation).
(Instron, 2025), describes a materials tensile strength as the maximum stress a material can withstand under tensile loading before fracture occurs. Whilst the yield stress is the point in which a material transitions from elastic to plastic behaviour. It represents the minimum stress required to cause permanent deformation. Below this point, the material will return to its original shape when the load is removed. Beyond it the deformation becomes irreversible (Britannica, 2025).
Whilst (Vincent and Engler, 2011) defines the Young’s Modulus as the ratio of stress to strain within the elastic region of a material’s deformation. It describes a material’s stiffness, indicating how much it is expected to deform under a given stress. In this report the value was taken from the gradient of stress against strain between zero and the Yield Stress point.
Research on Ansys Granta, shows the typical material property ranges for different forms of aluminium alloys, including age hardened wrought alloys (AHW), non-age hardened wrought alloys (NAHW) and cast aluminium alloys. These values are summarised in table 1 below.
[bookmark: _Toc227969090]Table 1 - Aluminium Properties (Ansys, 2025)
	
	Age Hardened Wrought
	Cast Al-Alloys
	Non-Age Hardened Wrought

	Young's Modulus (GPa)
	68-76
	69-76
	69-74

	Yield Strength (MPa)
	241-520
	118-263
	65.1-252

	Tensile Strength (MPa)
	288-571
	193-341
	151-323

	Elongation (%)
	3.4-12
	1.2-6.8
	4.3-23



Across all three categories, the Young’s Modulus remains relatively consistent, typically ranging between 68-76 GP. In contrast both the yield strength and tensile strength vary significantly depending on alloy type and treatment. Yield strength ranges from a minimum of 65 MPa for NAHW to around 520 MPa for AHW.
Similarly, tensile strength shows a considerable variation with AHW generally exhibiting much higher values compared to the other two categories, which fall within a more similar range of 151-341 MPa.
Elongation (ductility) also varies between alloy types, with NAHW alloys typically showing higher elongation, while AHW alloys tend to have lower ductility due to the strengthening processes involved. Cast alloys generally exhibit more limited ductility due to their microstructure.
As the exact composition of the aluminium used in the driveshafts is currently unknown, mechanical testing will be essential in determining which alloy category they belong to.
[bookmark: _Toc227969112]2.2 Test Methods
The test used, was the (TecQuipment Ltd, 2012) tensile test. It is a form of destructive test, where an increasing axial load is applied to a material specimen until it reaches breaking point. (Singh, 2012) points out that the central area of the specimen is typically reduced in width so that it will experience the highest amount of stress. The results of this test are typically used to measure parameters such as Tensile Strength, Yield Stress and Young’s Modulus (Ebrahimi and Ahari, 2024).
The test does have some limitations, (TecQuipment Ltd, 2012) states in the guidance notes, that the results cannot be used to find an accurate Young’s Modulus value, due to the strain values only being nominal not the total. For the results to be more accurate an extensometer would need to be used as it would remove most of the excess movement in the machine. Research by (Kostic et al., 2022) found that when measuring the displacement via the clamping head the result is impacted by the stiffness of the device as mentioned by (TecQuipment Ltd, 2012), meaning that the result contains the sum of all the tensile displacement, not just the specimen.
[bookmark: _Toc227969113]2.3 Material Selection
The driveshaft of a rally car in the Dakar Rally is subjected to a combination of torsional, bending and cyclic loading under extreme operating conditions. High torque transmission from the engine to the wheels produces significant shear stresses within the shaft, while large suspension travel and continual interaction with uneven terrain introduce additional bending loads. These loads are highly variable and repetitive, leading to cyclic stress conditions that increase the risk of fatigue failure over prolonged periods. From the brief it is known that the driveshaft faced a maximum stress of 90MPa whilst in operation.
The Dakar Rally also deals with extreme temperatures and sand which also influence what the component must withstand. Sand is a known abrasive and a study by (Elleuch et al., 2006) found that abrasive particles such as sand had a significant effect on the wear resistance of aluminium alloys.
Due to this, materials selected must demonstrate high fatigue strength to withstand repeated loading cycles, sufficient toughness to absorb shock and impact without fracture and adequate ductility to prevent brittle failure. Resistance to wear and environmental degradation is also critical for maintaining performance and reliability over the duration of the event. To narrow down the options, (TWI, 2025) recommends following the steps in figure 1 below.
[image: ]
[bookmark: _Toc227969096]Figure 1 - Material Selection (TWI, 2025)
An Ashby chart is a graphical method for comparing materials based on their properties. It allows different materials to be plotted against one another, making it easier to identify those that best meet specific design requirements (Ansys, 2025).

3. [bookmark: _Toc227969114]Experimental Procedure
[bookmark: _Toc227969115]3.1 Equipment Required
· Work Panel
· Tensile Tester
· Safety Guard
· Aluminium Specimen
· Vernier Calliper
· Alan Key
[bookmark: _Toc227969116]3.2 Methodology
1. Measure the cross-sectional area by using a vernier calliper on the specimen, measuring the width and thickness of the thinnest area.
[image: ]
[bookmark: _Toc227969097]Figure 2 - How to measure cross-sectional area (TecQuipment Ltd, 2012)
2. Set the equipment up as shown in figure 3, making sure that the specimen is done up hand tight.
Load Nut
Work Panel
Vernier Calliper
Dial Indicator
Alan Key
Springs
Bottom Chuck
Top Chuck

[bookmark: _Toc227969098]Figure 3 - Complete Set Up
3. Set the dial indicator to zero, by turning the load nut clockwise until the dial indicator shows movement. Making sure the load nut aligns with one of the markings on the scale (figure 4).
[image: ]
[bookmark: _Toc227969099]Figure 4 - Load Nut Scale (TecQuipment Ltd, 2012)
4. Align the zero on the dial with the marker so that the measurements are taken from zero (figure 5).
[image: ]
[bookmark: _Toc227969100]Figure 5 - Dial Marker Alignment
5. Begin turning the load nut clockwise, stopping every two markers to take the new measurement down. (TecQuipment Ltd, 2012) recommends that the applied rate is kept constant throughout for the best results.
6. Repeat this until the specimen breaks (figure 6).
[image: ]
[bookmark: _Toc227969101]Figure 6 - Broken Specimen
7. Once it has broken, remove the specimen and measure the elongation by pushing the two ends against each other. 
[image: ]
[bookmark: _Toc227969102]Figure 7 - Comparison of the Specimens
8. From here the results can be taken for further analysis.

4. [bookmark: _Toc227969117]Results 
From the experiment the following results were collected. Table 2 shows the nominal values, whilst table 3 shows the data collected from the experiment. 
[bookmark: _Toc227969091]Table 2 - Nominal Values
	OG Cross sectional area
	OG length 

	(mm^2) 
	(mm)

	2
	31



[bookmark: _Toc227969092]Table 3 - Recorded Results
	Load Nut Movement 
	Dial Indicator

	(mm)
	(mm)

	0
	0

	0.2
	0.16

	0.4
	0.32

	0.6
	0.51

	0.8
	0.7

	1
	0.87

	1.2
	1.05

	1.4
	1.24

	1.6
	1.41

	1.8
	1.59

	2
	1.75

	2.2
	1.93

	2.4
	2.1

	2.6
	2.26

	2.8
	2.39

	3
	2.49

	3.2
	2.6

	3.4
	2.68

	3.6
	2.75

	3.8
	2.83

	4
	2.89

	4.2
	2.94

	4.4
	2.97

	4.6
	3.03

	4.8
	3.05

	5
	N/A





5. [bookmark: _Toc227969118]Further Calculations 
The results were then further analysed and shown in table 4 below.
[bookmark: _Toc227969093]Table 4 - Analysed Results
	Load Nut Movement 
	Dial Indicator
	Force
	Extension
	Stress
	Nominal Strain

	(mm)
	(mm)
	(N)
	(mm)
	(MPa)
	 

	0
	0
	0
	0
	0
	0

	0.2
	0.16
	16
	0.04
	8
	0.001290323

	0.4
	0.32
	32
	0.08
	16
	0.002580645

	0.6
	0.51
	51
	0.09
	25.5
	0.002903226

	0.8
	0.7
	70
	0.1
	35
	0.003225806

	1
	0.87
	87
	0.13
	43.5
	0.004193548

	1.2
	1.05
	105
	0.15
	52.5
	0.00483871

	1.4
	1.24
	124
	0.16
	62
	0.00516129

	1.6
	1.41
	141
	0.19
	70.5
	0.006129032

	1.8
	1.59
	159
	0.21
	79.5
	0.006774194

	2
	1.75
	175
	0.25
	87.5
	0.008064516

	2.2
	1.93
	193
	0.27
	96.5
	0.008709677

	2.4
	2.1
	210
	0.3
	105
	0.009677419

	2.6
	2.26
	226
	0.34
	113
	0.010967742

	2.8
	2.39
	239
	0.41
	119.5
	0.013225806

	3
	2.49
	249
	0.51
	124.5
	0.016451613

	3.2
	2.6
	260
	0.6
	130
	0.019354839

	3.4
	2.68
	268
	0.72
	134
	0.023225806

	3.6
	2.75
	275
	0.85
	137.5
	0.027419355

	3.8
	2.83
	283
	0.97
	141.5
	0.031290323

	4
	2.89
	289
	1.11
	144.5
	0.035806452

	4.2
	2.94
	294
	1.26
	147
	0.040645161

	4.4
	2.97
	297
	1.43
	148.5
	0.046129032

	4.6
	3.03
	303
	1.57
	151.5
	0.050645161

	4.8
	3.05
	305
	1.75
	152.5
	0.056451613

	5
	N/A
	N/A
	N/A
	N/A
	N/A



Force was calculated as,
[bookmark: _Toc227969086]Equation 1 - Force


Extension was calculated as,
[bookmark: _Toc227969087]Equation 2 - Extension

Stress was then calculated as,
[bookmark: _Toc227969088]Equation 3 - Stress

Strain was also calculated as,
[bookmark: _Toc227969089]Equation 4 - Strain

From here a stress vs strain graph could be plotted (figure 8). This allowed for the Young’s Modulus to be calculated as it is equivalent to the gradient of the line from zero to the yield stress point. If the gradient was taken beyond that, it would be measuring in the plastic region as previously mentioned (Britannica, 2025).

[bookmark: _Toc227969103]Figure 8 - Stress vs Strain
Table 5 below summarises the calculated key material properties obtained from the tensile test based on methods previously described in the literature review and methodology.
[bookmark: _Toc227969094]Table 5 - Aluminium Specimen Properties
	Tensile Strength
	Yield Stress
	Young's Modulus
	Elongation

	(MPa)
	(MPa)
	(GPa)
	%

	152.5
	105
	10.85
	5.65





6. [bookmark: _Toc227969119]Analysis
From the results collected it can be assumed that the aluminium alloy used to produce the driveshafts was a non-age hardened wrought alloy (NAHW). When compared to table 1 in the literature review, the values for yield strength and tensile strength only fit within the NAHW section, whilst the elongation fits in all. 
The (Ansys, 2025) Granta package, describes NAHW as a “not particularly” strong metal, before going on to state that the 1000 series have a tensile strength of around 90MPa, which is the stress at which the driveshafts failed. This series of aluminium alloy is comprised of 99% aluminium and 1% silicon. With it typically being used for kitchen foil and electrical conductors. A failure occurring from the use of this metal alloy would make sense due to the fact that the values calculated in the test (152.5MPa) align with the tensile stress range for that NAHW (151-323 MPa). 
It is to be noted, that the Young’s Modulus value is 85% lower than the minimum value given by (Ansys, 2025). As discussed in the literature review, it was expected that there would be a difference in values as the (TecQuipment Ltd, 2012) guidance notes explicitly stated that a value could not be taken due to the strain results. This guidance was backed up from research by (Kostic et al., 2022), who found that without the use of an extensometer the results would contain excess displacement. The use of an extensometer would remove some of this excess from areas such as the clamping head, as it would be measuring the elongation from one end of the sample to another. It is important to note that the nominal strain values will still hold a margin for error.


7. [bookmark: _Toc227969120]Conclusion
[bookmark: _Toc227969121]7.1 Cause of Failure
The failure of the driveshaft can be assumed to have ultimately been due to fatigue failure, with other factors playing a role in accelerating the process.
(Mohammed, 2024), describes fatigue failure as having three phases. The first being crack nucleation, then crack propagation before finally fatigue failure. Crack nucleation is the initial stage of fatigue failure. Since no material surface is completely smooth at microscopic levels, surface defects act as stress concentrators. At these locations, the local stress can exceed the material’s yield strength even when the nominal stress is lower, leading to localised plastic deformation. Under cyclic loading, this deformation occurs along specific grain structures, forming persistent slip bands.
As the loading cycles continue, these slip bands develop surface features known as extrusions and intrusions. These intensify the stress concentration further, making them favourable sites for crack initiation.
Crack propagation begins as a slow propagation where the crack grows over a couple grains and will keep extending until it reaches the critical length. At this point, the crack begins to propagate perpendicular to the direction of maximum tensile stress at a rapid rate. This is where fatigue striations form. Once the second part of crack propagation has begun it will rapidly continue to deform until fatigue failure occurs (Pineau et al., 2016).
Once this occurs, the driveshaft would have a rapid and unexpected break leading to the ultimate failure of the component. The fact the driveshaft failed in the fourth and fifth rounds further validates this ideology as by that point the driveshaft had faced multiple stress cycles. Adding to that the sand and debris that would have only acted as an abrasive to the material further accelerating the effects (Elleuch et al., 2006).
[bookmark: _Toc227969104]Figure 9 - Driveshaft Failure
Crack Propagations
Fatigue Fracture


7.2 [bookmark: _Toc227969122]Future Prevention
Using (Ansys, 2025) Granta, an Ashby chart was produced to identify suitable materials for a new driveshaft. The primary selection criteria were high tensile strength and yield strength as this is where the failure predominantly lay. Ensuring that the material can withstand high torque loads without permanent deformation. In addition, materials with good fatigue resistance were considered due to the cyclic loading conditions experienced. 
As shown in figure 10, the filtering process resulted in a range of metals and composite structures. This included Carbon Fibre reinforced plastics (CFRP) as well as the more traditional metals such as steel and aluminium. In general metals offer high toughness, easier manufacturability and lower costs, whilst composites provided even higher toughness and a better strength to weight ratio. 
[image: ]
[bookmark: _Toc227969105]Figure 10 - Ashby Chart

While high tensile and yield strength improve resistance to deformation, fatigue performance depends more directly on the material’s endurance limit and resistance to crack initiation and propagation. In general, steel aluminium or CFRP are typically used due to the material properties as shown in table 6 below.


[bookmark: _Toc227969095]Table 6 - Material Properties in Granta
	
	Age Hardened Wrought
	High Carbon Steel
	CFRP

	Young's Modulus (GPa)
	68-76
	200-220
	69-150

	Yield Strength (MPa)
	241-520
	433-924
	550-1.05e3

	Tensile Strength (MPa)
	288-571
	721-1.39e3
	550-1.05e3

	Elongation (%)
	3.4-12
	9.6-21
	0.32-0.35

	Density (kg/m^3)
	2.67e3-2.84e3
	7.80E+03
	1.5-1.6e3

	Price (GBP/kg)
	2.21-3.14
	0.933-1.37
	29-32.6



From the values given by (Ansys, 2025) it is clear that high carbon steel is the best material property wise for the driveshafts to be made out from. It has the highest Young’s Modulus, tensile strength and elongation percentage whilst also being the cheapest material. However, it is the densest by far and is a ferrous material.
A driveshaft can be given a protective coating to prevent oxidisation, which helps reduce or eliminate rust from forming on the surface. The coating acts as a barrier between the steel and environment and can include processes such as painting, plating or even a specialised anti corrosion finish (Sharun et al., 2022).
In addition, the driveshaft can undergo a heat treatment such as hardening. This involves heating the steel to a high temperature and then rapidly cooling it through quenching in water or oil. The rate of quenching affects the hardness of the steel, with faster cooling generally producing a harder structure. However, research by (Nugroho et al., 2022) found that this can also make the material more brittle, so a tempering process is often applied afterwards to improve toughness while maintaining strength.
Further improvements to fatigue resistance can be achieved through surface treatments such as shot peening. This process bombards the surface of the driveshaft with small spherical balls, creating tiny indentations that introduce compressive stresses at the surface. These compressive stresses are beneficial because they help prevent crack initiation and slow crack propagation under cyclic loading (Maleki et al., 2021).
Overall, these treatments are ideal for a driveshaft as they increase resistance to cyclic torsional stresses and improve fatigue life, reducing the likelihood of failure during repeated loading in service.
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