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[bookmark: _Toc227311363]1.0 Introduction

In motorsport environments such as the Dakar Rally, mechanical components are exposed to very high loads, vibrations and harsh working conditions. Because of this, it is important that the materials used are strong and reliable enough to avoid failure. If a component fails, it can lead to serious problems like loss of performance, damage to the system and possible safety risks (Ashby & Jones, 2012).
During the fourth and fifth stages of the Dakar Rally, the drive shafts of two vehicles failed completely, which caused both cars to retire from the race. The components were made using the same design and manufacturing process as previous versions that worked well. However, there was a recent change in the aluminium supplier, so the issue could be related to the material properties. It was also reported that the maximum stress acting on the component during operation was around 90 MPa.
This report aims to investigate the cause of the failure by carrying out a tensile test on the material sample provided. The data collected from the test will be used to calculate important mechanical properties such as Young’s modulus, yield strength and ultimate tensile strength. These results will then be analysed to check if the material was suitable for the application and to understand what may have caused the failure. Finally, some recommendations will be suggested to help avoid similar problems in the future (Shigley et al., 2015).
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For a drive shaft application, the choice of material is very important because the component needs to work under load, vibration and repeated use. The material must be strong enough to resist failure, but also able to handle small deformations without breaking. Important properties include stiffness, yield strength, ultimate tensile strength, ductility and fatigue resistance. A good material should not only support the applied loads, but also keep its performance over time, especially in harsh working conditions like those found in motorsport (Ashby & Jones, 2012; Shigley et al., 2015).
Tensile testing is used to understand how a material behaves under stretching. Stress is calculated as force divided by area, while strain is the change in length compared to the original length. In the elastic region, the material returns to its original shape and stress is proportional to strain. The slope of the stress–strain graph represents Young’s modulus, which indicates stiffness. As the load increases, the material reaches the yield point, where permanent deformation begins, and continues to deform until it reaches the ultimate tensile strength (TecQuipment, 2012).
These mechanical properties are important for this investigation because they help to understand if the material used in the drive shaft was suitable for the application. Yield strength shows the stress level where the material starts to deform permanently, while ultimate tensile strength represents the maximum stress the material can withstand before breaking. Elongation is also important, as it indicates how much the material can stretch before failure, helping to identify if the behaviour is more ductile or brittle. If the measured values are lower than expected, or not suitable for the working conditions, this may suggest that the material was not appropriate or that there was a problem with its quality or processing (Callister and Rethwisch, 2020).
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As shown in Figure 1 the tensile test was carried out using the ES6 tensile testing machine. Before starting the test, the dimensions of the specimen were measured to determine the cross-sectional area and the original gauge length. The specimen was then fixed securely in the machine, and the dial indicator was set to zero to ensure accurate readings.
The load was applied gradually by turning the load nut in increments of 0.2 mm. At each step, the dial indicator reading was recorded. The force applied to the specimen was calculated by multiplying the dial reading by 100, based on the calibration of the machine. The extension was determined by subtracting the dial indicator reading from the load nut displacement.The collected data was then used to calculate stress and nominal strain values for each step. Stress was calculated by dividing the applied force by the cross-sectional area, while nominal strain was calculated by dividing the extension by the original length of the specimen. Finally, a stress–strain graph was plotted to analyse the mechanical behaviour of the material. (TecQuipment, 2012).

Figure 1: Tensile testing machine (ES6)
[image: ]
The following equations were used in the calculations:
Stress:

Nominal strain:
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The processed test data was analysed using the stress-strain graph obtained from the aluminium specimen. This graph was used to examine the general behaviour of the material under tensile loading and to identify key regions such as the elastic region, yield point and ultimate tensile strength. By observing the shape of the curve, it was possible to understand how the material responds to increasing load and how it transitions from elastic to plastic behaviour. In the initial linear region, the material follows Hooke’s Law, where stress is directly proportional to strain, which indicates elastic behaviour and allows the estimation of Young’s modulus (Gere and Goodno, 2012).
As the load increases beyond this region, the graph begins to curve, showing that the material is no longer behaving elastically. This marks the beginning of plastic deformation, where permanent changes in shape occur. This stage is particularly important in engineering applications, as it indicates that the material has exceeded its safe working limit and may not full recover after unloading.
In addition, the values obtained from the graph were used to evaluate important mechanical properties, including stiffness and strength. These results were then compared with the operating conditions given in the case study, particularly the reported working stress of 90 MPa, to assess whether the material was suitable for the drive shaft application. This comparison helps to determine if the failure was caused by insufficient material strength or by other factors affecting performance in real conditions.
It is also important to consider that laboratory testing conditions are controlled and may not fully represent real service conditions. In practice, components such as drive shafts are exposed to varying loads, dynamic forces and environmental effects, which can influence material behaviour and contribute to failure over time.


Table 1: Processed tensile test results
	Load nut (mm)
	Dial (mm)
	Force (N)
	Extension (mm)
	Stress (N/m²)
	Nominal strain
	Stress MPa

	0
	0
	0
	0
	0
	0
	0

	0.2
	0.12
	12
	0.08
	6.00 × 10⁶
	0.00256
	6

	0.4
	0.28
	28
	0.12
	1.40 × 10⁷
	0.00385
	14

	0.6
	0.48
	48
	0.12
	2.40 × 10⁷
	0.00385
	24

	0.8
	0.65
	65
	0.15
	3.25 × 10⁷
	0.00481
	32.5

	1
	0.84
	84
	0.16
	4.20 × 10⁷
	0.00513
	42

	1.2
	1.1
	110
	0.1
	5.50 × 10⁷
	0.00321
	55

	1.4
	1.2
	120
	0.2
	6.00 × 10⁷
	0.00641
	60

	1.6
	1.39
	139
	0.21
	6.95 × 10⁷
	0.00673
	69.5

	1.8
	1.59
	159
	0.21
	7.95 × 10⁷
	0.00673
	79.5

	2
	1.77
	177
	0.23
	8.85 × 10⁷
	0.00737
	88.5

	2.2
	1.96
	196
	0.24
	9.80 × 10⁷
	0.00769
	98

	2.4
	2.14
	214
	0.26
	1.07 × 10⁸
	0.00833
	107

	2.6
	2.33
	233
	0.27
	1.16 × 10⁸
	0.00865
	116

	2.8
	2.52
	252
	0.28
	1.26 × 10⁸
	0.00897
	126

	3
	2.71
	271
	0.29
	1.36 × 10⁸
	0.00929
	136

	3.2
	2.9
	290
	0.3
	1.45 × 10⁸
	0.00962
	145

	3.4
	3.09
	309
	0.31
	1.54 × 10⁸
	0.00994
	154

	3.6
	3.28
	328
	0.32
	1.64 × 10⁸
	0.01026
	164

	3.8
	3.48
	348
	0.32
	1.74 × 10⁸
	0.01026
	174

	4
	3.65
	365
	0.35
	1.82 × 10⁸
	0.01122
	182

	4.2
	3.85
	385
	0.35
	1.92 × 10⁸
	0.01122
	192

	4.4
	4.03
	403
	0.37
	2.02 × 10⁸
	0.01186
	202

	4.6
	4.22
	422
	0.38
	2.11 × 10⁸
	0.01218
	211

	4.8
	4.41
	441
	0.39
	2.20 × 10⁸
	0.0125
	220

	5
	4.56
	456
	0.44
	2.28 × 10⁸
	0.0141
	228

	5.2
	4.76
	476
	0.44
	2.38 × 10⁸
	0.0141
	238

	5.4
	4.94
	494
	0.46
	2.47 × 10⁸
	0.01474
	247

	5.6
	5.11
	511
	0.49
	2.56 × 10⁸
	0.01571
	256

	5.8
	5.25
	525
	0.55
	2.62 × 10⁸
	0.01763
	262

	6
	5.39
	539
	0.61
	2.70 × 10⁸
	0.01955
	270

	6.2
	5.46
	546
	0.74
	2.73 × 10⁸
	0.02372
	273

	6.4
	5.6
	560
	0.8
	2.80 × 10⁸
	0.02564
	280

	6.6
	5.6
	560
	1
	2.80 × 10⁸
	0.03205
	280

	6.8
	5.65
	565
	1.15
	2.82 × 10⁸
	0.03686
	282

	7
	5.7
	570
	1.3
	2.85 × 10⁸
	0.04167
	285



The data presented in Table 1 was used to create the stress–strain graph shown in Figure 2.


Figure 2: Stress–strain graph for the aluminium specimen


Figure 2 shows the stress–strain graph obtained from the tensile test. At the beginning, the graph increases in a straight line, which shows that the material is behaving in an elastic way. In this stage, the material would return to its original shape if the load was removed. As the test continues, the graph starts to curve, showing that the material is no longer behaving elastically and has entered the plastic region, where permanent deformation occurs.
From the straight-line section of the graph, the Young’s modulus was estimated to be around 7.6 GPa. This value is much lower than the typical value for aluminium, which is usually between 60 and 70 GPa. This difference is likely due to experimental limitations, such as the use of nominal strain and possible inaccuracies when taking manual readings during the test.The highest stress recorded during the test was approximately 285 MPa, which represents the ultimate tensile strength of the material. This shows the maximum stress the material can handle before failure.
[bookmark: _Toc227311367]The material exhibited a maximum tensile strength of approximately 285 MPa, significantly higher than the reported working stress of 90 MPa, yet failure still occurred in the drive shaft. This suggests that the failure was not caused by simple overload. One possible reason could be the presence of defects or inconsistencies in the material, which may have been introduced due to a change in the aluminum supplier. Furthermore, the drive shaft is subjected to repeated loads and vibrations during operation, meaning that fatigue may also have contributed to the failure over time. Therefore, even if the material appears quite strong based solely on tensile strength, other factors such as fatigue, defects, or variations in material properties may have led to the failure (ASM International, 1990).



1.4 Conclusion
This report looked at the failure of a drive shaft by analysing the tensile properties of the aluminium material provided. The tensile test was used to find important properties such as Young’s modulus, yield behaviour and ultimate tensile strength.
The results showed that the material reached a maximum stress of around 285 MPa, which is much higher than the working stress of 90 MPa. Even so, the component still failed, which shows that the problem was not caused by overload alone. This means that tensile strength by itself is not enough to fully understand how the material behaves in real conditions.
It is likely that other factors played a role in the failure, such as fatigue caused by repeated loading, as well as possible defects or variations in the material due to the change in aluminium supplier. Over time, these factors can weaken the material and lead to failure even when the applied stress is lower than the maximum strength (Dowling, 2013; Dieter, 1986).
To avoid similar problems in the future, better control of material quality and supplier consistency is recommended. It would also be useful to carry out additional tests, such as fatigue testing, to better understand how the material behaves under real working conditions. Overall, this work shows the importance of considering both material properties and real-life conditions when analysing engineering failures.
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