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[bookmark: _Toc228814199]Introduction
During the Dakar rally, both vehicles experienced catastrophic driveshaft failures, resulting in complete fracture and early retirement. The shafts were made using unchanged design and production methods, however, a recent change in aluminium supplier had been identified. A maximum operational stress of 90MPa was recorded. Tensile testing was conducted on a sample of the same material, from which Young’s modulus, yield strength, and ultimate tensile strength were found. These results are used to assess whether the material properties are suitable and to identify the likely cause of failure. 





[bookmark: _Toc228814200]Literature Review 
Aluminium can be widely used in applications such as mechanical rotating components, for example rotating shafts, gears, and drivetrain components to reduce weight. It is favoured due to the material’s strength to weight ratio, however, to gain a fundamental understanding how the material behaves under a load, and its relationship between strain and stress, the material must be tested. More specifically, through the elastic region (Callister and Rethwisch, 2018) as this is where key properties of the material i.e., Young’s modulus is found. Properties including Young’s modulus, yield strength, and ultimate tensile strength are typically determined and calculated through tensile testing and are essential for the assessment of the material and if it can withstand operational stresses (Ashby and Cebon, 1993). In this investigation, the driveshaft experiences a maximum stress of 90MPa, which must be taken in consideration with relation to both the yield strength and fatigue performance of the material. 
While tensile properties provide an indication of the material’s strength, the fatigue behaviour is essential for components subjected to repeated loads. Whilst only tensile testing will be conducted in this experiment, it is important to consider the fatigue behaviour since driveshafts are subjected to cyclic loading. Aluminium alloys are known to display poor fatigue performance compared to other structural materials, which is not beneficial for the chosen material as it consistently has to be put under cyclic loading since it is used in the driveshaft. 
Studies have shown that fatigue failure of aluminium alloys can occur at stress levels as low as 90-100MPa under high cyclic conditions (Stanzl-Tschegg and Mayer, 2001), which is very similar to the cycle conditions in this instance. This suggests that even if the material’s yield strength exceeds the 90MPa, failure can still occur due to the cyclic loading. Furthermore to this, both tensile and fatigue properties must be considered when choosing aluminium alloys for engineering applications (Forrest, 1970).  
Alternative materials must also be considered in this application, for example steel provides a higher strength and better fatigue resistance, making it suitable for high load applications, though their higher density increases the component’s weight (Blau et al., 1998). Composite materials, particularly carbon fibre reinforced polymers, offer excellent stiffness-to-weight ratios and good fatigue performance, but are much more expensive and complex to manufacture (Bunsell, 2021). 


[bookmark: _Toc228814201]Methodology 
In the below section, the methodology for the tensile test performed on Aluminium will be detailed. This test follows the guidance notes ‘Tensile Tester Kit ES6’ (TecQuipment, 2012). 
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[bookmark: _Ref228791967][bookmark: _Toc228814179]Figure 1 - Tensile Tester Kit Set Up
In Figure 1 is the tensile tester it used to understand the strength of the material (aluminium) and how it responds to loads applied upon it. This destructive tester applies a tensile load/ force to the material, all while measuring the elongation of the material as the load is applied. From this, yield strength, tensile strength and elongation can be calculated. 
The back panel, also known as the work panel, is mounted by two supports. This can be done either vertically or horizontally, depending on which fits the work bench better, but the work panel must always be secured by the two thumbscrews and thumbnuts. 
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[bookmark: _Toc228814180]Figure 2 - Dial Indicator and Test Specimen
The back panel has two chucks, a bottom and a top, mounted to it. These hold the chosen specimen (aluminium), by using two screws that are secured by tightening with an allen key. The Load Nut at the top, seen in Figure 3, pulls the top chuck upwards when the load nut is turned, and it pulls the specimen up 1mm per every complete turn. The load nut scales have 10 increments, and so every notch is 0.1mm, this is useful for data collection as there are more data points to note down. Therefore, this ensures a higher level of accuracy when calculating the yield strength, Young’s Modulus and Ultimate Tensile Strength. These will all be calculated in the Analysis section. 
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[bookmark: _Ref228794054][bookmark: _Toc228814181]Figure 3 - Load Nut and Scale
Further down on the tester, are two large springs which are positioned and connected to the bottom chuck. In front of this is the dial indicator, or DTI gauge. This measures the deflection of the two large springs as force is applied to the material. The springs obey Hooke’s Law, and so the measurement on the Dial indicator is used to help to calculate Force (N). 
A safety guard is provided due to the nature of the test (destructive) and this must be taken off before removing old specimens or fittings new ones. This safety guard should always be re-installed before conducting any tests, and the user should never use the tester without the safety guard being correctly fitted. To remove old specimens, a hexagonal tool should be used to undo the specimen fixings and used once more to re-tighten the fixings when fitting another piece of material. 
When a new material specimen is fitted, it is important to note that the dial indicator should be carefully set to zero once there is a pre-load is applied. A pre-load can be applied by turning the force control gently until the dial indicator just starts to show an increment of movement, and the force control is pointing to a notch on the Load Nut Scale. 
The specimens that are included with this testing kit, have a large flat area at each end, that are connected via a thin section. This tester kit will hold the large area, and stretch the thin section, known as the ‘gauge length’. Using the dial calliper provided, the dimensions of the specimen were accurately measured. 
When completing the test, the force control is turned two increments (0.2mm), and a reading is taken from the dial indicator each time. This is done from the amounts from 0mm until the point of breaking, which was 7.2mm. 
Below are Figures 4-6, showing the results of the test, where the material reached failure. Figure 5 is especially important as it is a comparison of the original specimen versus one that was tested. A length change can be seen in this image, of where the material stretched before reaching its Ultimate Tensile Strength. 
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[bookmark: _Toc228814182]Figure 4 - Detail Zoom of Broken Specimen
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[bookmark: _Toc228814183]Figure 5 - Broken Specimen comparison to Original
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[bookmark: _Toc228814184]Figure 6 - Broken Specimen in Tester Kit




[bookmark: _Toc228814202]Test Results 

Table 1- Tensile Tester Kit ES6
	Load Nut Movement (mm)
	Dial Indicator (mm)
	Force (N)
	Extension (mm)
	Stress (MPa)
	Nominal Strain

	0.0
	0.00
	0
	0.00
	0
	0

	0.2
	0.16
	16
	0.04
	8
	0.001290323

	0.4
	0.35
	35
	0.05
	17.5
	0.001612903

	0.6
	0.54
	54
	0.06
	27
	0.001935484

	0.8
	0.72
	72
	0.08
	36
	0.002580645

	1.0
	0.90
	90
	0.10
	45
	0.003225806

	1.2
	1.08
	108
	0.12
	54
	0.003870968

	1.4
	1.27
	127
	0.13
	63.5
	0.004193548

	1.6
	1.45
	145
	0.15
	72.5
	0.00483871

	1.8
	1.63
	163
	0.17
	81.5
	0.005483871

	2.0
	1.81
	181
	0.19
	90.5
	0.006129032

	2.2
	1.99
	199
	0.21
	99.5
	0.006774194

	2.4
	2.18
	218
	0.22
	109
	0.007096774

	2.6
	2.37
	237
	0.23
	118.5
	0.007419355

	2.8
	2.54
	254
	0.26
	127
	0.008387097

	3.0
	2.73
	273
	0.27
	136.5
	0.008709677

	3.2
	2.91
	291
	0.29
	145.5
	0.009354839

	3.4
	3.09
	309
	0.31
	154.5
	0.01

	3.6
	3.28
	328
	0.32
	164
	0.010322581

	3.8
	3.46
	346
	0.34
	173
	0.010967742

	4.0
	3.63
	363
	0.37
	181.5
	0.011935484

	4.2
	3.81
	381
	0.39
	190.5
	0.012580645

	4.4
	3.99
	399
	0.41
	199.5
	0.013225806

	4.6
	4.15
	415
	0.45
	207.5
	0.014516129

	4.8
	4.33
	433
	0.47
	216.5
	0.01516129

	5.0
	4.50
	450
	0.50
	225
	0.016129032

	5.2
	4.65
	465
	0.55
	232.5
	0.017741935

	5.4
	4.78
	478
	0.62
	239
	0.02

	5.6
	4.86
	486
	0.74
	243
	0.023870968

	5.8
	4.96
	496
	0.84
	248
	0.027096774

	6.0
	5.06
	506
	0.94
	253
	0.030322581

	6.2
	5.08
	508
	1.12
	254
	0.036129032

	6.4
	5.13
	513
	1.27
	256.5
	0.040967742

	6.6
	5.17
	517
	1.43
	258.5
	0.046129032

	6.8
	5.21
	521
	1.59
	260.5
	0.051290323

	7.0
	5.27
	527
	1.73
	263.5
	0.055806452

	7.2
	5.27
	527
	1.93
	263.5
	0.062258065





[bookmark: _Ref228640000][bookmark: _Ref228640559][bookmark: _Toc228814185]Figure 7 - Graph to represent Stress-Strain Curve for Aluminium


[bookmark: _Ref228641181][bookmark: _Toc228814186]Figure 8 - Young's Modulus

Specimen Material: Aluminium 
Original Cross-sectional area: 2x10-6 
Original Length: 31mm 
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[bookmark: _Toc228814204]Yield Strength
The yield strength is the maximum stress that can be applied to a material (Alroys, no date) before it changes shape permanently and will not revert. The yield strength of the chosen material (Aluminium) in this test was calculated from the stress-strain curve; the point where the line starts to curve and becomes less linear. From the graph, a point was selected at which this occurred, and so the yield strength is estimated to be approximately 216.5 MPa. 
[bookmark: _Toc228814205]Ultimate Tensile Strength
The ultimate tensile strength is defined as the highest value of engineering stress ((Henry et al., 2004), before it’s failure. For the material tested, the ultimate tensile strength was determined via Figure 1 - Graph to represent Stress-Strain Curve for Aluminium, and so, it was found to be 263.5 MPa. 
[bookmark: _Toc228814206]Young’s Modulus
Young’s Modulus is a ratio of amounts of stress to strain to illustrate its stiffness. This can be calculated by looking at the gradient of the stress-strain graph (Figure 2). A linear trendline was applied to the graph containing the initial linear region of the stress-strain graph, and the slope of the line was taken as the value of Young’s modulus. This gave a value of 15 GPa. According to research, Aluminium has an elastic modulus (young’s modulus) of approximately 70GPa (Wilson, 2025). This is larger than the experiment result, and this could likely be due to factors such as machine compliance and/or measurement inaccuracies. 




[bookmark: _Toc228814207]Conclusion
The failure is most likely due to fatigue under cyclic loading. Although tensile testing showed a yield strength of 216.5MPa, which was well above the operational stress of 90MPa, repeated loading can cause failure at significantly lower stresses in aluminium alloys. This suggests the shat did not fail due to overload but from progressive crack growth. The recent supplier change may have introduced material defects or reduced fatigure resistance, which sped up material failure. To stop this, a higher fatigue resistant material or alloy could be chosen, alongside improved quality control of material production. 
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