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Introduction : As mentioned in the assignment, I am an engineer of a racing team at the Dakar Rally. The Dakar Rally is an annual, 10-15 day, thousands-of-kilometres off-road endurance raid managed by the ASO, widely recognized as the world’s toughest motorsport event. Now onto the context, my team’s vehicle failed during the fourth and fifth stages of the race and the reason was the drive shaft on both vehicles failed and it fractured completely, which causes a devastating impact on the vehicle, rider and the overall team. Being an responsible engineer of my team, our manager handed over the  investigation of this failure incident to me. My team also gave me some background information and a sample for me to test, which helps me to investigate properly. Now, let me breakdown my purpose of this project:
· I will perform a tensile test on the sample provided
· Analyse the test data to calculate yield strength, ultimate tensile strength, and Young’s modulus 
· Interpret the test results and information provided to hypothesise the root cause of this component failure
· Purpose potential remedies or preventive measures to mitigate or prevent similar failures in the future.

Literature Review : let’s evaluate the material (Aluminium alloy) properties. Aluminium alloy are well-known for their high strength-to-weight ratio, corrosion resistance and good manufacturability, which is  highly compatible with components like drive shafts where weight reduction is critical while maintaining structural integrity.
However, despite these advantages, aluminium alloys are particularly susceptible to fatigue failure under cyclic loading conditions, which is a major concern in rotating components such as shafts. More importantly, over 80% of structural failures in metals are caused by fatigue, highlighting the importance of fatigue analysis in engineering design.
Aluminium Alloys used in shafts : commonly used in high performance applications include AA6061 and AA7075, which offer different mechanical properties. AA7075 is the best fit for high stress environment because of it’s high strength. On the other hand, AA6061 provides a balance of strength, ductility and corrosion resistance. The mechanical performance of these alloys depends heavily on heat treatment.
Fatigue Behaviour of Aluminium Alloys : There are two main stages for fatigue failure in aluminium alloys,
1. Crack initiation
2. Crack propagation leading to final fracture
Microstructural defects like voids, inclusions or surface imperfections can act as initiation points for fatigue cracks and it grows progressively under cyclic loading until sudden failure occurs.
Areas of stress concentration, such as wields, notches or surface defects begins to occur due to fatigue cracks in aluminium alloys and propagate under repeating loading.
Additionally, fatigue life is strongly influenced by loading conditions, including stress amplitude, frequency and temperature. Studies comparing, AA6061 and AA7075 demonstrate the significant decrease of fatigue life because of variable loading and elevated temperature.
Failure Mechanisms in Rotating Shafts : In rotating shafts, cyclic torsional and bending stresses are responsible for fatigue, which promotes crack initiation and growth over time because of repeating loading and unloading.
Fatigue fractures typically show :
1. A progressive crack growth region
2. A final sudden fracture zone
Furthermore, material defects, improper heat treatment, or incorrect alloy selection can significantly reduce fatigue strength and lead to premature failure.
Importance of Material Selection and Testing : Material selection plays a crucial role in preventing failure. Mechanical testing like, tensile testing is essential to determine key properties including:
1. Yield strength
2. Ultimate tensile strength
3. Young’s modulus
These properties helps whether a material can withstand operational stresses. If the applied stress approaches or exceeds the materials’s fatigue limit, failure is likely to occur.
Summary : The performance of these materials depends on alloy composition, heat treatment, manufacturing quality, and loading conditions. Therefore, understanding fatigue behaviour and conducting appropriate material testing are essential steps in identifying the root cause of component failure.

Methodology : The tensile test was performed using a universal testing machine the ES6 Kit. The specimen (Aluminium) was securely clamped and a uniaxial tensile load was applied at a constant rate until failure occurred. This kit allows us to do tests on several common materials which includes a tensile testing machine. It helps us to find the yield strength, tensile strength and elongation of the aluminium specimen. [image: ][image: ][image: ]


Test results : The test was done in a laboratory and all the collected data has been added into a excel sheet.
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Analysis : The above report presents the analysis of the tensile test data obtained from the experimental dataset. The key mechanical properties determined are the yield strength, ultimate tensile strength (UTS), and Young's modulus. A stress-strain interpretation is also included.
Calculated aluminium properties : 
· Yield strength = 24400 MPa
· Ultimate tensile strength = 24400 MPa
· Young’s modulus = 3350 MPa
The stress-strain relationship obtained from the experiment shows a predominantly linear response throughout the recorded range. This indicates that the material remained within its elastic region during the test.
· The linear portion of the graph was used to determine Young's modulus.
· No clear yield point was observed before the maximum load was reached.
· The specimen appears to have fractured shortly after reaching its ultimate tensile strength.
As a result, the yield strength is taken as the maximum recorded stress.
Young's Modulus : Young's modulus represents the stiffness of the material. The calculated value of 3.35 GPa indicates moderate rigidity and suggests that the material deforms elastically under applied load.
Yield Strength : The yield strength of 24,400 MPa represents the stress at which permanent plastic deformation would begin. Since no distinct yield point was observed, the maximum recorded stress was used.
Ultimate Tensile Strength : The ultimate tensile strength is the highest stress sustained by the material before failure. In this dataset, the UTS matches the yield strength, indicating fracture occurred immediately after the elastic limit.
The tensile test successfully determined the principal mechanical properties of the specimen:
· Young's Modulus: 3.35 GPa
· Yield Strength: 24,400 MPa
· Ultimate Tensile Strength: 24,400 MPa
The material exhibited linear elastic behaviour up to failure, with no significant plastic deformation evident in the recorded data. This behaviour is characteristic of brittle materials or specimens tested over a limited strain range.
Conclusion : The tensile test was successfully used to determine the key mechanical properties of the aluminium alloy sample. The material exhibited a yield strength of approximately 24.4 MPa, an ultimate tensile strength of 24.4 MPa, and a Young's modulus of approximately 3.35 GPa. These values indicate that the specimen possessed significantly lower strength and stiffness than would typically be expected for a structural aluminium alloy used in a high-performance automotive drivetrain application.
Examination of the failed driveshaft fracture surface shows clear evidence of a progressive fatigue failure. A relatively smooth region indicates crack initiation and stable crack propagation under repeated cyclic loading, while the rougher, irregular region corresponds to the final rapid overload fracture once the remaining cross-sectional area could no longer support the applied torque. The complete fracture during competition is therefore consistent with high-cycle fatigue.
The most probable root cause is the use of an incorrect or inferior aluminium alloy supplied following the recent material change. The measured mechanical properties are substantially below those required for this application, making the component highly susceptible to fatigue crack initiation and propagation under normal operating stresses. Additional contributing factors may include manufacturing defects, inadequate heat treatment, or stress concentrations at geometric discontinuities.
To prevent recurrence, the material specification should be strictly verified through chemical composition analysis, hardness testing, and certification from the supplier. Incoming batches should undergo mechanical property validation before production. A detailed metallurgical examination of the failed component is also recommended to confirm alloy grade, heat treatment condition, and the precise crack initiation site. Finally, redesigning critical shaft features to minimise stress concentrations and implementing regular non-destructive inspection procedures would further improve reliability in future service.
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Specimen material : Aluminium Cross -sectional area : 2 mm2

Original Length (mm) : 67 Final Length (mm) : 70

Load Nut movement (mm) Dial Indicator (mm) Force (N) Extension (mm) Stress (N/m2) Nominal Strain

0 0 0 0 0 0

0.2 16 1600 16 800 0.239

0.4 34.5 3450 34.5 1725 0.515

0.6 52 5200 52 2600 0.776

0.8 70 7000 70 3500 1.045

1 88 8800 88 4400 1.313

1.2 106 10600 106 5300 1.582

1.4 124 12400 124 6200 1.851

1.6 142 14200 142 7100 2.119

1.8 159 15900 159 7950 2.373

2 177 17700 177 8850 2.642

2.2 195 19500 195 9750 2.910

2.4 213 21300 213 10650 3.179

2.6 232 23200 232 11600 3.463

2.8 249 24900 249 12450 3.716

3 267 26700 267 13350 3.985

3.2 284.5 28450 284.5 14225 4.246

3.4 302 30200 302 15100 4.507

3.6 320 32000 320 16000 4.776

3.8 336.5 33650 336.5 16825 5.022

4 354.5 35450 354.5 17725 5.291

4.2 371.5 37150 371.5 18575 5.545

4.4 388 38800 388 19400 5.791

4.6 405 40500 405 20250 6.045

4.8 420.5 42050 420.5 21025 6.276

5 433 43300 433 21650 6.463

5.2 441 44100 441 22050 6.582

5.4 451 45100 451 22550 6.731

5.6 456 45600 456 22800 6.806

5.8 465 46500 465 23250 6.940

6 466 46600 466 23300 6.955

6.2 471 47100 471 23550 7.030

6.4 473 47300 473 23650 7.060

6.6 479 47900 479 23950 7.149

6.8 482 48200 482 24100 7.194

7 485 48500 485 24250 7.239

7.2 488 48800 488 24400 7.284

7.4 488 48800 488 24400 7.284

 Tensile strength (N/m2) : 

24400

Yield stress (N/m2) :

7

% Elongation :

4.478
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