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1. Introduction 
In a Dakar Rally, the conditions on the vehicle are harsh. Components are required to be specially made with the right strength to ensure it will survive the rally but also not slow the vehicle down. The driveshafts on both vehicles failed from the material fracturing. This issue can be due to a change in the material from the different supplier, however testing the material will allow for further information on the cause.




[bookmark: _Toc228215709]2. Literature Review
[bookmark: _Safety_examples_on][bookmark: _Toc228215710]2.1. Materials and driveshaft
The materials used to make the drive shafts is an aluminium alloy. These driveshafts need to withstand stress measured to 90MPa.
[bookmark: _Toc228215711]2.2. Aluminium alloys
Common aluminium alloy grades used in motorsports are often 7000 grade. This grade of aluminium alloy is very high strength and has common variants that have other desirable characteristics. Grade 7020 is often used for motorcycle frames due to its strength and resistance to being wielded and high temperature environments. It also has considerably high fatigue stress resistance. Grade 7068 is one of the strongest common aluminium alloy in terms of mechanical stress. This grade of aluminium alloy also has considerably high fatigue stress resistance making it reliable for mechanical uses. Grade 7068 is a high strength and light weight, its approximate density per g/cm^3 is 2.85.

The fatigue behaviour of aluminium alloys is defined by their lifecycle. Unlike other materials, aluminium alloys will fail overtime regardless of stress. This lifecycle is dependant on the alloys structure and quality. When aluminium alloys fail from fatigue cracking and corrosion. These caracks can be internal, not visible from a visual inspection.
[bookmark: _Toc228215712]2.3. Why Aluminium alloys
Aluminium alloys are used for driveshafts as they have desirable strength to weight characteristics. Due to aluminium weighing less than other materials such as steel, it allows for better fuel economy from less wasted energy to spin a heavier driveshaft. A lighter driveshaft allows for the engine to accelerate and decelerate faster as it has less mass to rotate and keeping it spinning. a lighter component is always desirable in motorsports as a vehicle is faster when its lighter.
Aluminium alloys can withstand high strength and stress applications making ideal for motorsport components such as a driveshaft.


[bookmark: _3_Security_risk][bookmark: _Toc228215713]3 Methodology

The test was carried out using a ES6 tensile tester kit, as seen below.
[image: ]
Figure 1- ES6 tensile tester kit used to measure stretch of material





The sample material was connected to the apparatus via two bolts clamping it securely. Slowly turn the load nut until the dial shows movement, zero the dial. This is the starting point for the data. 
[image: ]
Figure 2- shows the sample material in the ES6 kit

To measure the extension, turn the load nut 0.2mm. this is indicated by measurement lines on the apparatus. Every 0.2mm turned record data displayed on the dial. Use the data to take away the load nut value by the dial rotation, This value is the material stretching (extension).


Repeat this process until the material fails.
[image: ]
Figure 3- shows the sample material after it has failed.



[bookmark: _Toc228215714]4 Test Results
[bookmark: _Toc228215715]4.1. Data collected
	load nut
	dial indicator
	force
	extension
	Stress MPa
	nominal strain
	
	material:
	

	0
	0
	0
	0
	0
	0
	
	aluminium
	

	0.2
	0.14
	14
	0.06
	7.368421
	0.002
	
	
	

	0.4
	0.31
	31
	0.09
	16.31579
	0.003
	
	original length:
	

	0.6
	0.49
	49
	0.11
	25.78947
	0.003666667
	
	30
	mm

	0.8
	0.66
	66
	0.14
	34.73684
	0.004666667
	
	
	

	1
	0.85
	85
	0.15
	44.73684
	0.005
	
	area cross section:
	

	1.2
	1.05
	105
	0.15
	55.26316
	0.005
	
	1.9
	mm

	1.4
	1.24
	124
	0.16
	65.26316
	0.005333333
	
	
	

	1.6
	1.43
	143
	0.17
	75.26316
	0.005666667
	
	
	

	1.8
	1.62
	162
	0.18
	85.26316
	0.006
	
	
	

	2
	1.8
	180
	0.2
	94.73684
	0.006666667
	
	
	

	2.2
	2
	200
	0.2
	105.2632
	0.006666667
	
	
	

	2.4
	2.19
	219
	0.21
	115.2632
	0.007
	
	
	

	2.6
	2.38
	238
	0.22
	125.2632
	0.007333333
	
	
	

	2.8
	2.57
	257
	0.23
	135.2632
	0.007666667
	
	
	

	3
	2.76
	276
	0.24
	145.2632
	0.008
	
	
	

	3.2
	2.95
	295
	0.25
	155.2632
	0.008333333
	
	
	

	3.4
	3.14
	314
	0.26
	165.2632
	0.008666667
	
	
	

	3.6
	3.33
	333
	0.27
	175.2632
	0.009
	
	
	

	3.8
	3.51
	351
	0.29
	184.7368
	0.009666667
	
	
	

	4
	3.69
	369
	0.31
	194.2105
	0.010333333
	
	
	

	4.2
	3.89
	389
	0.31
	204.7368
	0.010333333
	
	
	

	4.4
	4.08
	408
	0.32
	214.7368
	0.010666667
	
	
	

	4.6
	4.25
	425
	0.35
	223.6842
	0.011666667
	
	
	

	4.8
	4.43
	443
	0.37
	233.1579
	0.012333333
	
	
	

	5
	4.61
	461
	0.39
	242.6316
	0.013
	
	
	

	5.2
	4.76
	476
	0.44
	250.5263
	0.014666667
	
	
	

	5.4
	4.91
	491
	0.49
	258.4211
	0.016333333
	
	
	

	5.6
	5.1
	510
	0.5
	268.4211
	0.016666667
	
	
	

	5.8
	5.07
	507
	0.73
	266.8421
	0.024333333
	
	
	

	6
	5.15
	515
	0.85
	271.0526
	0.028333333
	
	
	

	6.2
	5.21
	521
	0.99
	274.2105
	0.033
	
	
	

	6.4
	5.24
	524
	1.16
	275.7895
	0.038666667
	
	
	

	6.6
	5.29
	529
	1.31
	278.4211
	0.043666667
	
	
	

	6.8
	5.34
	534
	1.46
	281.0526
	0.048666667
	
	
	

	7
	5.4
	540
	1.6
	284.2105
	0.053333333
	
	
	

	7.2
	5.45
	545
	1.75
	286.8421
	0.058333333
	
	
	

	7.4
	5.45
	545
	1.95
	286.8421
	0.065
	
	
	

	7.6
	5.9
	590
	1.7
	310.5263
	0.056666667
	
	
	

	7.8
	5.9
	590
	1.9
	310.5263
	0.063333333
	
	
	

	8
	5.9
	590
	2.1
	310.5263
	0.07
	
	
	


Table 1 - this table shows the data collected
 
 
Figure 4 - shows stress compared to strain
 


[bookmark: _Toc228215716]5 Analysis

 The Ultimate tensile strength is the highest stress value of the data collected. In this test the maximum stress value of the aluminium sample was 310.562 MPa.

Yield strength is the point of data where the smooth line graph suddenly changes, this is where the material reaches is elastic limit. On this material sample it measures to be 268.42MPa

Young’s modulus is calculated by this equation:

This calculation from the data gives a value of 27.89GPa.



[bookmark: _Toc228215717]6 Conclusion
The aluminium alloy that was tested showed that is capable of withstanding the stress from normal operation. This shows that the different supplier isn’t the cause of the failure of the two driveshafts but another reason. The failure is likely due to fatigue in the aluminium, the harsh conditions of the Dakar Rally doesn’t overload the material but will apply constant strain. A potential mitigation to prevent another failure of the driveshaft is using a different material such as steel. The downside to this solution is the added weight, however the maximum stress is significantly higher and it will not fail due to fatigue.
[bookmark: _7_Conclusion]I reached the conclusion of material fatigue to be the reason of failure as they both failed near the same point, the fourth and fifth stages. This implies that it wasn’t a material defect, as both failed at similar times and nether vehicles can overstress the driveshaft. The harsh conditions of a rally race requires the driveshaft to constantly be under load with accelerating and deacceleration, slowly causing fatigue in the material.  
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