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[bookmark: _Toc228099941]Introduction
During the fourth and fifth stages of the Dakar Rally both vehicles driveshafts failed, fracturing and resulting in retirement from the stages as seen in Figure 1. The aim of this report is to conduct an investigation into the material used, testing of the material, analysing the results to find values like the yield strength and Young’s modulus and then finding potential measures to prevent incidents like this in the future.
[image: Fatigue failure of a machine's drive shaft (diameter = 25.4 mm) [1] |  Download Scientific Diagram]
[bookmark: _Toc228134886]Figure 1- Driveshaft Failure


[bookmark: _Toc228099942]Literature Review
When choosing a material for the driveshafts there are a few material properties that must be considered, the first is the ultimate tensile strength which is pertinent to ensure the driveshaft can undergo high loads without failing (NextGen Material Testing, 2024). The next is yield strength which is the point where the load becomes too much for the material and it will not then return to its original shape (MetalTek & Dave Olsen, 2023). The testing method for the ultimate tensile strength and yield strength are the same which is a tensile test which was conducted for the material currently used for the driveshafts. Another property that needs to be considered is the shear strength of a material which is the resistance that a material has against shearing forces, this is tested using a shear test where increasing shearing forces are applied until the material eventually fails (Stanford Advanced Materials, 2025). The density of a material is also important when choosing a material, this is because the denser a material is the heavier it is however if it provides more strength than a less dense material it could be chosen, a test for this is by using Archimedes’ Principle and measuring the displacement in water (MetalTek & Dave Olsen, 2023). Creep resistance is another property that is considered when selecting driveshaft materials which is the resistance that the material has to deformation when under constant loads for a period of time, this is determined from a creep test where the material is placed under load for a period of time at a constant temperature (Dean McClements & Phillip Keane, 2026).





[bookmark: _Toc228099943]Methodology
To gain a more knowledge on the material used for the driveshafts, a tensile test was conducted. The steps we took to complete the test was to first measure the material to find values of the lengths, widths and depths at all parts of the material. Next was to unscrew the chuck bolts, slot the material onto the chucks and screwing the bolts back in ensuring they are tight. Once the bolts are tightened and start to slowly turn the load nut until the dial indicator starts moving, when it does move then turn the load nut back to the last notch on the scale as seen in Figure 2 and zero the dial indicator. From here keep a consistent speed throughout and turn the load nut in 0.2mm increments and note down the dial indicator reading until it reaches 5mm, if it reaches 5mm then do further increments of 1mm until it fails.
[image: A metal object with a bolt
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[bookmark: _Toc228134887]Figure 2 - Load Nut and Scale
Once the material fails and all of the dial indicator readings have been noted down, bring the material back together and measure the lengths to see the changes. The next steps were to calculate the Force, Stress, Strain and the extension that the material faced at each increment. The Force was calculated from multiplying the dial indicator reading by 100, the Stress was worked out from the dividing the Force by the area of the material, the Strain was found by dividing the change in length by the original length and the Extension was found from subtracting the dial indicator reading from the load nuts movement.



[bookmark: _Toc228099944]Test Results and Analysis
[bookmark: _Toc228134891]Table 1 - Test Results
	Load Nut Movement (mm)
	Dial Indicator (mm)
	Force (N)
	Extension (mm)
	Stress (N/m^2)
	Nominal Strain

	
	
	
	
	
	
	

	0.0
	0
	0
	0.000
	0
	0
	

	0.2
	0.12
	12
	0.080
	6000
	0.00258065
	

	0.4
	0.29
	29
	0.110
	14500
	0.00354839
	

	0.6
	0.46
	46
	0.140
	23000
	0.00451613
	

	0.8
	0.64
	64
	0.160
	32000
	0.00516129
	

	1.0
	0.82
	82
	0.180
	41000
	0.00580645
	

	1.2
	1.01
	101
	0.190
	50500
	0.00612903
	

	1.4
	1.2
	120
	0.200
	60000
	0.00645161
	

	1.6
	1.38
	138
	0.220
	69000
	0.00709677
	

	1.8
	1.56
	156
	0.240
	78000
	0.00774194
	

	2.0
	1.74
	174
	0.260
	87000
	0.0083871
	

	2.2
	1.93
	193
	0.270
	96500
	0.00870968
	

	2.4
	2.11
	211
	0.290
	105500
	0.00935484
	

	2.6
	2.28
	228
	0.320
	114000
	0.01032258
	

	2.8
	2.46
	246
	0.340
	123000
	0.01096774
	

	3.0
	2.62
	262
	0.380
	131000
	0.01225806
	

	3.2
	2.75
	275
	0.450
	137500
	0.01451613
	

	3.4
	2.835
	283.5
	0.565
	141750
	0.01822581
	

	3.6
	2.984
	298.4
	0.616
	149200
	0.01987097
	

	3.8
	3.04
	304
	0.760
	152000
	0.02451613
	

	4.0
	3.17
	317
	0.830
	158500
	0.02677419
	

	4.2
	3.25
	325
	0.950
	162500
	0.03064516
	

	4.4
	3.28
	328
	1.120
	164000
	0.03612903
	

	4.6
	3.37
	337
	1.230
	168500
	0.03967742
	

	4.8
	3.43
	343
	1.370
	171500
	0.04419355
	

	5.0
	3.45
	345
	1.550
	172500
	0.05
	

	6.0
	N/A
	N/A
	N/A
	N/A
	N/A
	



[bookmark: _Toc228134888]Figure 3 - A graph to show the relationship between Stress and Strain.

[bookmark: _Toc228134889]Figure 4 - A graph to show the extension of the material under increasing force.
From the data collected in the lab, shown in Table 1, and performing further calculations the following data was collected. 
	Yield Strength (Pa)
	Ultimate Tensile Strength (Pa)
	Young's Modulus (Pa)

	70875000.00
	85750000
	9,928,773.58


[bookmark: _Toc228099945]Conclusion
After conducting the test on the material and performing further calculations, the potential cause of the failure was likely due to the high stress applied to the driveshaft. This is because the highest measured stress applied in the lab was 85MPa however in the rally it was 90MPa, showing that the material wasn’t strong enough for the rally stages. In an aim to fix this and prevent this from happening in the future, I would either reinforce this alloy and add materials like Copper or Magnesium or potentially have a redesign to the driveshaft to increase the cross sectional area to increase the amount of stress that can be applied before failure.
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A graph to show the relationship between Stress and Strain during the test.
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A graph to show the difference in extension when under increasing force.
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