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Chapter 1 - Introduction
The purpose of this project is to identify the reason(s) for failure of aluminium driveshafts on two cars taking part in the Dakar Rally. The failure was reportedly a complete fracture as pictured below, resulting in the early retirement of both cars. The driveshafts were manufactured and assembled identically to previous examples that functioned perfectly, with the only difference being the aluminium alloy that was used. The grade and temper are not confirmed. It is also reported that the maximum stress on the part did not exceed 90MPa.
The results of this report are achieved through both lab testing of the material and secondary research.
[image: Fatigue failure of a machine's drive shaft (diameter = 25.4 mm) [1] |  Download Scientific Diagram]The Dakar Rally is an extreme event held in the desert, with fluctuating temperatures between -20°C and 50°C. Cars and their components undergo repeated extreme impacts due to the nature of the surfaces they drive on. This includes jumps, uneven terrain, rocks and water crossings. Driveshafts undergo extreme repeated torsional loads due to their rotational power transmission.

Chapter 2 – Literature Review
The power from an engine or motor is transmitted through driveshafts to the wheels. They undergo extreme torsional loading, especially in a motorsport environment such as the Dakar rally where cars are required to have high-powered engines or motors. Therefore, they must be made out of a material that has high torsional stiffness.
In a harsh environment such as the Dakar, they also undergo frequent sudden shock/impact loads, such as from jumps and rough terrain. When a wheel loses traction, it is far easier to spin. When the wheel comes back into contact with the surface, there is a spike in the torsional load put on the driveshaft. The material must therefore have a high impact toughness; however, it must also deform slightly before failure in order to prevent a violent release of energy which could damage other parts.
Ideally the driveshafts should be made out of a material with a high strength-to-weight ratio. A lower mass results in a greater acceleration of drivetrain components, thus accelerating the car faster. In a competitive environment, this is important.
Due to the extreme temperature fluctuation of the desert, as well as heat transferred through the drivetrain, the material should be thermally stable. This means that it does not lose strength at extreme temperatures, and it can resist thermal fatigue.
Resistance to abrasion is important in environments which expose components to abrasive or corrosive materials such as sand, rocks, dust and water. The material should therefore be hard and corrosion resistant, at least on the surface. Due to the minor impacts like these that are inevitable in a desert, the material needs to resist the growth of any cracks that do form. Many fractures originate from small cracks that grow and eventually fail.
Many of these desired properties can be achieved through a mixture of the correct material or alloy, as well as suitable tempers such as heat treatment.

Chapter 3 – Methodology
A suitable specimen of the material must be chosen, and the thickness, width and length must be measured accurately using vernier calipers. From these measurements, the cross sectional area can be calculated – one of the key values used to calculate the Young’s Modulus.
The specimen should be fitted to the testing apparatus and secured in place using a bolt at either end. The dial indicator should then be zeroed and the reading on the vertical scale noted down as a starting point.
The load nut should then be turned clockwise in increments of 0.2mm, noting down the value on the vertical scale each time until failure.
Once the specimen has broken, the dial indicator readings can be converted into equivalent force values – another key value for the Young’s Modulus.
By subtracting the values of the dial indicator from their respective load nut measurements, the extension can be calculated, which is needed to calculate strain.
Stress can be calculated by dividing each of the force values by the cross sectional area. Strain can be calculated by dividing each of the extension values by the initial length of the specimen.
A graph can then be produced of stress vs strain. A line of best fit should be drawn on the initial rise, before the yield point. The gradient of the initial rise is the Young’s Modulus.

Chapter 4 – Test Results
	Load Nut
Movement (mm)
	Dial Indicator (mm)
	Force (N)
	Extension (m)
	Stress (N/m2)
	Stress (MPa)
	Nominal Strain

	0.0
	0.00
	0
	0.00000
	0
	0.0
	0.0000

	0.2
	0.15
	15
	0.00005
	8771930
	8.8
	0.0016

	0.4
	0.32
	32
	0.00008
	18713450
	18.7
	0.0026

	0.6
	0.51
	51
	0.00009
	29824561
	29.8
	0.0029

	0.8
	0.69
	69
	0.00011
	40350877
	40.4
	0.0035

	1.0
	0.87
	87
	0.00013
	50877193
	50.9
	0.0042

	1.2
	1.05
	105
	0.00015
	61403509
	61.4
	0.0048

	1.4
	1.24
	124
	0.00016
	72514620
	72.5
	0.0051

	1.6
	1.42
	142
	0.00018
	83040936
	83.0
	0.0058

	1.8
	1.60
	160
	0.00020
	93567251
	93.6
	0.0064

	2.0
	1.79
	179
	0.00021
	104678363
	104.7
	0.0067

	2.2
	1.97
	197
	0.00023
	115204678
	115.2
	0.0074

	2.4
	2.15
	215
	0.00025
	125730994
	125.7
	0.0080

	2.6
	2.34
	234
	0.00026
	136842105
	136.8
	0.0083

	2.8
	2.52
	252
	0.00028
	147368421
	147.4
	0.0090

	3.0
	2.70
	270
	0.00030
	157894737
	157.9
	0.0096

	3.2
	2.88
	288
	0.00032
	168421053
	168.4
	0.0103

	3.4
	3.06
	306
	0.00034
	178947368
	178.9
	0.0109

	3.6
	3.24
	324
	0.00036
	189473684
	189.5
	0.0115

	3.8
	3.41
	341
	0.00039
	199415205
	199.4
	0.0125

	4.0
	3.59
	359
	0.00041
	209941520
	209.9
	0.0131

	4.2
	3.76
	376
	0.00044
	219883041
	219.9
	0.0141

	4.4
	3.93
	393
	0.00047
	229824561
	229.8
	0.0151

	4.6
	4.11
	411
	0.00049
	240350877
	240.4
	0.0157

	4.8
	4.28
	428
	0.00052
	250292398
	250.3
	0.0167

	5.0
	4.43
	443
	0.00057
	259064327
	259.1
	0.0183

	5.2
	4.56
	456
	0.00064
	266666667
	266.7
	0.0205

	5.4
	4.68
	468
	0.00072
	273684211
	273.7
	0.0231

	5.6
	4.77
	477
	0.00083
	278947368
	278.9
	0.0266

	5.8
	4.84
	484
	0.00096
	283040936
	283.0
	0.0308

	6.0
	4.88
	488
	0.00112
	285380117
	285.4
	0.0359

	6.2
	4.94
	494
	0.00126
	288888889
	288.9
	0.0404

	6.4
	4.98
	498
	0.00142
	291228070
	291.2
	0.0455

	6.6
	5.02
	502
	0.00158
	293567251
	293.6
	0.0506

	6.8
	5.05
	505
	0.00175
	295321637
	295.3
	0.0561

	7.0
	5.07
	507
	0.00193
	296491228
	296.5
	0.0619

	7.5
	5.15
	515
	0.00235
	301169591
	301.2
	0.0753


	Height (m)
	Width (m)
	CSA (m2)
	Initial Length (m)

	0.0019
	0.0009
	0.00000171
	0.0312





Above is a chart of the values measured and calculated for the test done. Below is the graph produced by these values. The specimen in this test was identical aluminium to the driveshafts used on the Dakar cars.

[image: ]Below is a photo of the specimen alongside an identical untested one.


Chapter 5 – Analysis
From the graph produced by the experiment, a Young’s Modulus of 18.2GPa is outputted. This is very low for aluminium, suggesting either a faulty specimen or a mistake in testing
The reported maximum stress on the driveshafts, 90MPa, is also drawn on the graph. This shows that the load that the driveshaft was under does not exceed the yield point, nor does it reach the breaking point of the material. Therefore, it is most likely that the driveshaft failed due to repeated loads, possibly creating cracks that expanded and caused a fracture.

Chapter 6 – Conclusion
In conclusion, the specimen returned far reduced yield and tensile strength compared to expected values. It is highly likely that the failure of the driveshafts was due to incorrect alloy, temper (heat treatment) or poor material quality. In order to confirm the findings, a spectroscopy could be undertaken to confirm the alloy used, and a hardness test could be undertaken in order to test the temper. This would confirm how easily small cracks could occur and turn into fractures. Other surface treatments could also be considered, such as anodising in order to provide a hard protective layer on the aluminium.
Alternatively, a different material could be used. For example, steel is a far stronger material choice, however it is heavier so less suitable for a performance environment. Carbon fibre composite driveshafts could also be considered, as it has a high strength-to-weight ratio, as well as a very hard outer surface which is resistant to cracking and impacts, however it is expensive and fails explosively.
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