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[bookmark: _Toc228110869]1.Introduction
In this assignment, an investigation is carried out into failure of a motorsport driveshaft. A new for of aluminium alloy is used for the drive shafts, after the driveshafts failed during an event, a tensile strength test is performed on a sample of the same material. Data is collected by increasing the load movement until the sample fails. The data collected from the experiment is then used to help calculate the force, extension, stress and nominal strain. These test results are then taken and evaluated before being used to further calculate yield strength, ultimate tensile strength, and Young’s modulus. Using this data, the test is then concluded by identifying the root cause of failure by investigating the Dakar course and the impact the endurance of the event has on the parts, then the reason for failure is analysed using the data collected. Once concluded, a solution for the driveshafts is considered, using research of different materials and comparisons against the original design.


[bookmark: _Toc228110870]2. Literature review
[bookmark: _Toc228110871]2.1 – Driveshaft purpose
Driveshafts are used in automotive vehicles to transmit torque to the differential and wheel of the car. The main function of the drive or prop shaft is to transmit the torque of the engine from the differential or gearbox to the vehicle wheels. In addition, any changes in angle or length caused by manipulation or deflection must be compensated for in order to ensure excellent synchronization between the shaft joints - (Waqar, 2021).
[bookmark: _Toc228110872]2.2 - Material type and properties
It is stated that Aluminium alloy is used for the driveshafts for this Dakar rally car. While not stated, the most prominent choices come from the 2000, 6000, and 7000 series, each offering a unique profile of characteristics derived from its primary alloying elements - (Shao-yi.com, 2025). 
Aluminium alloys offer many upsides in terms of their properties. Aluminium is much lighter than other metals, which makes it ideal for use in applications where low weight is important. Aluminium alloy has a high strength-to-weight ratio, and is much stronger than many other materials of a similar density - (de Naoum, 2023). Along side this they also offer high corrosion resistance and ductility allowing for longevity most applications.
[bookmark: _Toc228110873]2.3 – Application
An Aluminium alloy is being used as the driveshafts for a Dakar rally car. The Dakar rally is one of the toughest and demanding races in all of motorsport. Long endurance stints through harsh desert terrain have a huge effect on the cars and components. The many different materials used for different components have to ideal for enduring all different forms of force over a long period of time.
[bookmark: _Toc228110874]2.4 – Material testing 
Tensile testing is a test method used for testing materials yield and tensile strengths as well as young’s modulus. The response of a tensile sample to the application of an increasing stress can be described in terms of elastic and plastic behaviour. Initially the sample undergoes elastic elongation as it is pulled. As increasing stress is applied, the sample undergoes permanent deformation; that is plastic strain. A stress-strain curve is used to determine the point at which the reversible elastic strain is exceeded and permanent or plastic deformation occurs - (Saba, 2019). This testing helps ensure that materials are suitable for their intended application.
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Figure 1 – Tensile test equipment
The objective of the tensile test is to gain - information about the tensile strength, yield strength, and ductility of the metallic material. It measures the force required to break a composite or plastic specimen and the extent to which the specimen stretches or elongates to that breaking point.
The test performed was a tensile strength test. As shown above, the kit includes a vertical scale to measure extension and a dial indicator to show how much movement happens when the load is applied. The load is applied by twisting the load nut at the top of the equipment, the nut has a groove that is matched with grooves on the plate that it sits on, the plate grooves indicate 0.1mm of movement, this allows for consistent load application. A test piece is inserted into the two clamps (top and bottom), once secured with allen keys in each of the clamps, the test can begin. The test is very simple, the load nut is twisted in 0.1mm increments, once twisted, read the value of the dial indicator and write it down, this process is repeated until 2.5mm is applied on the load nut, after that, twist a full rotation of the load nut (1mm) and record, repeat this until the specimen fails. The test gives you all of the values need for the experiment. With these values, force, extension, stress and nominal strain can be calculated and interpreted into a graph.
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Springs
)4.Test results

	Load nut movement
	Dial indicator
	Force
	Extension
	Stress
	Nominal strain

	mm
	mm
	N
	mm
	N/m^2
	ε

	0
	0
	0
	0
	0
	0

	0.1
	0.04
	4
	0.06
	2000000
	0.001935

	0.2
	0.12
	12
	0.08
	6000000
	0.002581

	0.3
	0.21
	21
	0.09
	10500000
	0.002903

	0.4
	0.3
	30
	0.1
	15000000
	0.003226

	0.5
	0.39
	39
	0.11
	19500000
	0.003548

	0.6
	0.48
	48
	0.12
	24000000
	0.003871

	0.7
	0.57
	57
	0.13
	28500000
	0.004194

	0.8
	0.66
	66
	0.14
	33000000
	0.004516

	0.9
	0.75
	75
	0.15
	37500000
	0.004839

	1
	0.84
	84
	0.16
	42000000
	0.005161

	1.1
	0.93
	93
	0.17
	46500000
	0.005484

	1.2
	1.03
	103
	0.17
	51500000
	0.005484

	1.3
	1.12
	112
	0.18
	56000000
	0.005806

	1.4
	1.21
	121
	0.19
	60500000
	0.006129

	1.5
	1.3
	130
	0.2
	65000000
	0.006452

	1.6
	1.4
	140
	0.2
	70000000
	0.006452

	1.7
	1.49
	149
	0.21
	74500000
	0.006774

	1.8
	1.58
	158
	0.22
	79000000
	0.007097

	1.9
	1.66
	166
	0.24
	83000000
	0.007742

	2
	1.75
	175
	0.25
	87500000
	0.008065

	2.1
	1.84
	184
	0.26
	92000000
	0.008387

	2.2
	1.92
	192
	0.28
	96000000
	0.009032

	2.3
	2.01
	201
	0.29
	1.01E+08
	0.009355

	2.4
	2.1
	210
	0.3
	1.05E+08
	0.009677

	2.5
	2.19
	219
	0.31
	1.1E+08
	0.01

	3.5
	2.81
	281
	0.69
	1.41E+08
	0.022258

	4.5
	3.19
	319
	1.31
	1.6E+08
	0.042258

	5.5
	Failed
	 
	 
	 
	


Table 1 – Test results
Shown above are the results of the test and the initial values that needed to be calculated. As shown in the table, as the load nut movement increases in 0.1 increments, the dial indicator shows how the piece extends as more movement is applied. The piece is extended in increments of 0.1 all the wat up to 2.5, where it is then extended by 1mm at a time and the piece fails past 4.5mm of movement.

Once the test has been completed, the data is taken and is used to calculate the force, extension of the piece and the stress and nominal strain that occurs. Using these values, a graph can be created that presents stress against nominal strain. This graph is essential as it then allows for values such as yield strength, ultimate tensile strength and the young’s modulus to be calculated.

Graph1 – Stress vs Nominal strain
Shown above is the graph that represents stress against nominal strain. The graph shows much the piece strains as more stress is applied, starting from 0 the line climbs at a near linear rate all the way until the specimen reaches its yield strength, past this point, the piece begins to deform up until the ultimate tensile strength where the specimen then fails.
Once all of the values have been calculated and the graph has been produced, the values can be used to calculate yield strength, ultimate tensile strength and the young’s modulus of the piece.
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[bookmark: _Toc228110878]5.1 – Calculation results
	X sectional area
	 

	2
	mm

	 
	 

	Yield strength
	 

	109.5
	Mpa

	 
	 

	Ultimate tensile strength
	 

	159.5
	Mpa

	 
	 

	Young's Modulus
	 

	9.60E+09
	Gpa


Table 2 – X sectional area, Yield strength, Ultimate tensile strength and Young’s Modulus results
Shown above are the results for calculating the cross sectional area of the specimen, Yield strength, Ultimate tensile strength and the Young’s modulus.
The yield strength was calculated using the equation - 
By finding the force a where the piece starts to deform and dividing it by the cross sectional area of the specimen, the yield strength is acquired. Yield strength is the stress threshold where materials shift from elastic behaviour (reversible deformation) to plastic behaviour (permanent deformation). It's measured in megapascals (MPa) and defines how much load a material can bear while still returning to its original shape - (Protolabs, 2025).
The ultimate tensile strength is calculated using the same equation but using the maximum force applied to the specimen before failure - 
The ultimate tensile strength is the point at which a material fails. Strength is a measure of a material's ability to resist an applied load. However, the material will first deform elastically and then plastically before finally breaking into two or more pieces. The ultimate tensile strength is the maximum stress the material withstands before it breaks (Xometry, 2023).
The young’s modulus is calculated using the equation 
The young’s modulus of the specimen is the ratio of stress() to strain(ε) within its region of elasticity. Young’s modulus, or the modulus of elasticity, states the relationship between stress and strain represented by the straight-line portion of the stress-strain curve. It reflects the tendency of a material to deflect under a given applied stress - (Saba, 2019).
Once yielding has begun, there is significant motion of dislocations within the metal grains.
These results are then taken and using in investigating the potential causes of the failure of the driveshafts.
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6.Conclusion
[bookmark: _Toc228110880]6.1 – Failure investigation
When looking into the failure of the driveshafts during stages 4 and 5, which equates to 2431 – 3158 kilometres in distance. At this point the course becomes a lot faster but tough to navigate, the faster pace of this section of course comes after previous sections of long and gruelling terrain such as rocks volcanos and dunes. The racers must be able to scan the track in front of them for obstacles while travelling at speeds of up to 170kph. The rally takes the convoy across a variety of terrains, from sand dunes to rocky valleys, mountains and even marshes. - (Sturtridge, 2025)
When looking at the tensile test results, shown in graph 1 and backed by table 2, The yield strength of the material was 109.5 MPa and the ultimate tensile strength was 159.5 MPa. When comparing this to failed driveshaft, the driveshaft failed with a maximum force of 90 MPa inflicted. This concludes that the part did not fail due to the materials yield or ultimate tensile strength. This leaves the part failure down to fatigue.
Fatigue of a material is defined as a progressive structural damage when the material is subjected to cyclic or fluctuating loads. In fatigue damage, crack initiation, crack growth, and propagation phenomena occur, which ultimately lead to complete failure of that material. It is the weakening of a material caused by cyclic loading, which results in progressive and local structural damage that can result in cracks. - (Xin, 2013).
The constant demand of the Dakar rally induces more fatigue on the driveshaft, causing it to fail.

[bookmark: _Toc228110881]6.2 – Solution to prevent failures
The ideal solution for preventing driveshaft failures is changing from aluminium alloys driveshafts to steel driveshafts. Steel driveshafts offer many upsides including:
· High Strength and Durability: Steel driveshafts are incredibly strong and can withstand high levels of torque and stress during operation. This makes them ideal for heavy-duty vehicles and applications where durability is paramount.
· Excellent Fatigue Resistance: Steel exhibits excellent fatigue resistance, which means it can endure repeated stress cycles without failing. This property is particularly beneficial for vehicles subjected to rigorous driving conditions.
· Cost-Effectiveness: Steel is generally less expensive than its counterparts, making it a cost-effective choice for both manufacturers and consumers. The availability of steel means it can be produced in large quantities, further driving down costs.
· Easy to Repair and Modify: Steel driveshafts are easily repairable compared to other materials. If a steel driveshaft becomes damaged, it can be welded or modified without significant difficulty.
· (Manuel, 2024)

The main focus in these upsides are strength and fatigue resistance. Steel is far less prone to deformation under heavy and constant loads. Although being heavier overall than aluminium, the upsides of being far stronger and more durable make the steel driveshafts extremely suitable for a Dakar rally car.
The ideal steel for this application is fatigue proof steel - EN42CrMo4. This type of steel is an alloy containing carbon, manganese, chromium and nickel. This combination enhances that material with brilliant mechanical properties such as a yield strength of 600-800 MPa and an ultimate tensile strength of 800 – 1000 MPa. In conclusion, Fatigue Proof Steel stands out as a reliable choice for applications requiring high strength and durability under cyclic loading. (Shopify API, 2025).
In conclusion, the material suggested for replacing the aluminium alloys is far more suitable as it possesses better mechanical qualities such as a high yield and ultimate tensile strength and better overall fatigue resistance, making it the perfect material for withstanding the extreme forces and endurance of the Dakar rally.
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