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Introduction

In this report I will be evaluating the performance of an aluminium alloy that has been used to create driveshafts for Dakar rally vehicles. When competing with the drive shafts made from the aluminium that will be tested, both vehicles had component failures which lead to the cars not being able to finish the stage. Due to this it is critical that a tensile load test be performed on a sample of the same aluminium alloy that was used to make the driveshafts to see how it performs under different tensile load conditions, the data collected during the test will also mean that I'll be able to calculate different things like force on the component when it fractures, overall extension of the material, yield strength, ultimate tensile strength and Youngs modulus. By analysing these values, the material fracture and the properties I can then come up with a more accurate hypothesis as to what happened to cause the driveshaft to fail. This can then be used to look at what can be done in the future to prevent issues like this from occurring again which will improve vehicle reliability.

















Literature review
The first property that should be considered when picking a material for a drive shaft on a Dakar rally vehicle is strength. A high material strength is vital for this application due to constant high loads on the component and the need for it to not deform. There is a multitude of different test methods that can be used to find the strength of a material, one of the most useful is a tensile test which is what will be used to test the aluminium alloy that failed on the drive shaft. A tensile test involves clamping a material and stretching it until the point of failure, this test can give you data such as ultimate tensile strength, yield strength, young's modulus and breaking strength of a material, all of which is vital for looking at overall strength properties. A tensile test also can help you assess the ductility of a material which is also a very important property for a material that is used in a rally vehicle. Another important property that needs to be considered when looking for a material to use for the driveshafts is toughness. A high toughness level is critical because it shows a material can withstand various high loads without failing. One test to evaluate toughness in a material is the Charpy impact test. In this test a piece of material is placed into a holding machine, and a pendulum is swung which contacts the material being held, the start height and end height of the pendulum is measured. Using the difference between these measurements you can find the energy absorbed by the material before it fractures. According to a website called science direct 'The important factors that affect the toughness of a material include low temperatures, high strain rates and stress concentrators'. (Science direct, 2017). Fatigue is also a property that is vital to look at when deciding what material is best for an application like a drive shaft. Fatigue is structural damage that occurs over time due to repeating or fluctuating loads. The test for fatigue in materials is the Wohler test. In this test a piece of material is placed into a machine similar which is made up of two main parts a static drive section and a dynamic drive section. The material which is between the two segments then is compressed and stretched continuously due to the drive section moving up and down, what this does is create a repeating load which will continue until the part fails. From this data we can then create a Wohler curve graph (stress cycle curve).  







Methodology
The test carried out was a tensile load test on the aluminium alloy that the driveshafts were made from. Before beginning the test, a few things needed to be done. The first thing that was done was all the equipment was checked to make sure we had everything; it was all set up correctly and was in a good working order so that the test would be a success. In figure (1) we can see a picture of all the equipment that is required to complete the test. Figure (2) shows what the test looks like when all the equipment had been set up. Once the equipment was checked and was in place the aluminium alloy that we were going to test needed to be measured using a vernier calliper so that the change in length can be seen after the test, the overall length to start with was 67mm, the length of the gauge that would be stretched was 31mm, the gauge width was 2mm and the thickness of the material was 1mm. Using this information the cross-sectional area can be calculated by multiplying the width and thickness of the material, which gives a cross-sectional area of 2mm². Once this is completed the material can be placed between the chucks and locked into position, to begin the main part of the test the dial should be set to 0mm and then the load nut should be moved 0.2mm, this will begin stretching the component. Once the load nut has been moved by 0.2mm the value on the dial should be noted down so that you can see how much the material has been stretched. Once this has been completed the same process of moving the load nut by 0.2mm and noting down the dial value to see how much the material has stretched should be repeated until the material fails. When the aluminium alloy was tested using this method it fractured when the load nut had been rotated 7.2mm and the dial indicator showed the material had been stretched 5.27mm before failure. Once the material had fractured it could then be unclamped from the chucks and removed, the area where the failure has occurred can then be examined and the length of the component can be measured to check the overall length post-test which can be used to find the stretch of the material. Once this is done, using the data gathered from the test you can calculate loads more useful information about the material such as what force was on it when it failed, extension, stress, nominal strain and important things like tensile strength, yield strength and % elongation. These are important when looking at whether a material is appropriate for drive shaft on a rally vehicle and can be compared with other material options.  
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Figure 1 – Test Equipment, sourced TecQuipment.  TENSILE TESTER KIT | TecQuipment
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Figure 2 – Equipment set up
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Figure 3- Test piece before and after 
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Figure 4 – Material in equipment 

	
	















Test results
	Figure 5 – Test results 
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	Figure 6 – Test results with calculations 
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	Figure 7 – Rise and Run graph
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	Figure 8 – Test data
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            Figure 9 – Stress vs Strain graph 
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Figure 10 – Stress vs strain graph, sourced. Liang, J. Liang, Ce. (2020) Effect of discrete roller dies on the contour accuracy of profiles in multi-point flexible stretch-bending forming | Request PDF
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Analysis
The table in figure (6) shows the data that was gathered about the aluminium alloy that was used in the tensile test. Using this data the other sections of the table could be filled in, the first segment that needed to be filled in was force (N). To find force you need use the equation Force = Dial indicator reading (mm) x combined spring rate, the combined spring rate of the springs on the machine that was used in the test is 100 N/mm according to TecQuitment (TecQuitment, 2012). Using this equation the force section could be completed. The next section was extension which can be found by taking the load nut movement value and taking it away from the value shown on the dial indicator. The stress section could be found in MPa by dividing the values in the force section by the cross-sectional area of the material part, in the case of the aluminium alloy it was 2mm². Another unit of stress is N/m² which Mpa can be converted to by multiplying by 10⁶. The final section was nominal strain which could be found by dividing the extension by the original length of 31mm. 
Using the data a stress and strain graph can be produced which can be seen in figure (9), using this graph and previous data we can find crucial bits of information like yield strength which is the highest point on the graph which was right before failure, looking at the final stress plot the yield strength is 263.5 MPa which when converted to N/m² is 2.64 x 10⁸. Using the graph the Yield strength can also be found; this can be done by looking at what point the graph stops increasing in an almost linear line and begins to curve. The final point before the graph curves is at 215 M/pa which when converted is 2.15 x 10^8 N/m² which is the yield strength. The final calculation to complete using the data is young's modulus, to find youngs modulus pick two points from the data table that fall in the almost linear section of the graph, using these two points which are called run and rise another graph can be created which can be seen in figure (7). Rise represents that change in stress and runs represents change in strain. To calculate youngs modulus you use the equation change in stress over change in strain, looking at figure (8) we can see that rise = 45.5 Mpa and run = 0.0029 which when put in the equation rise/run gives the value of 15690 Mpa or 1.57 x 10¹⁰ pa. This value seems incorrect, 'aluminium's Young's modulus is between 65 and 75  GPa' (Azo materials, 2025) although the other calculations seem to be correct the youngs modulus value is off, this could be down to human error during the test, machine compliance, measurement limitations and more. Elongation could also be calculated by taking the post-test length which was 33.5mm and taking it from the original length of 31mm to get 2.5mm elongation, % elongation can then be found using the equation (final length- original length/ original length) x 100, which comes out as 8.06%. The graph in figure 10 is another example of a stress vs strain graph which shows a lot of similarities to the one produced from the test conducted which increases confidence in the test.
Conclusion
[bookmark: _Int_4Zb1uu7b]This test has provided a large amount of information which is critical for finding what caused the failure of the drive shafts. The reason for the component failure I believe was due to the low material strength as seen from the yield and tensile strength values. The reason I believe this is because I don't think the values are suitable for a drive shaft that will be used in a Dakar rally vehicle because of the extreme loads the drive shaft will be put under. The drive shaft in a rally car will be put under high torsional loads, impact loading over jumps and bending loads due to suspension movement, misalignment or even impacts from terrain. This means that it is vital that a material is used which has good strength values, the values from the test conducted could be used for road applications but are not enough to deal with the loads that will be inflicted when rallying. Due to the material strength being the main issue that led to failure there is a few potential measures that can be used to prevent this from happening in the future. One potential solution could be improving material strength by using things like shot peening or heat treatments to increase yield strength or fatigue resistance however although it will likely help it still won't make it good enough for consistent use I believe. Instead, a more permanent and better option would be to change the material of the driveshaft to a more appropriate material option. One option would be high end titanium alloy which can have a yield strength of around 900 MPa and according to a company called AZO materials a tensile strength of well over 1000 MPa with a young's modulus of over 119 GPa (US Titanium Inc, 2002). This is significantly better than a yield strength of 215 MPa and a tensile strength of 263.5 MPa which is what was found during the tensile test, and although the youngs modulus value I calculated seemed to be off the value 119GPa is higher than what would be expected of aluminium alloy. Although I believe this is a good option I think that carbon fibre as the material of choice may be better due to it having a tensile strength of up to 7000 MPa (Mirdehghan, S. 2021), and a yield strength of up to 6000 MPa, youngs modulus of carbon fibre also can range anywhere between 200 – 500 GPa. Not only is carbon fibre significantly stronger and would comfortably be able to put up with the loads exerted on it while rallying but it also is lighter and would increase vehicle performance.
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