University of Wales Trinty Saint Davids 
Wales Institute of Science & Art

[image: UWTSD logo | Discover Dylan Thomas]

Title of Report: Materials and Manufacturing 
Module name (ACHA4025)
Student name: Finn O’Connor
Student number:2406000
Date (04/2026





Contents
1.	Introduction	4
2.	Literature review	4
3.	Methodology	5
	5
4.	Test results	7
4.1 Table results	7
4.2 Graph results	8
5.	Analysis	8
6.	Conclusion	12

Figure 1- Tensile testing apparatus used in the experiment	5
Figure 2- Aluminium specimen before testing	6
Figure 3 Stress vrs Strain graph	8
Figure 4 Stress vrs Strain for Youngs modules	9
Figure 5 - Fractured aluminium specimen after tensile testing	11




1. [bookmark: _Toc226712194]Introduction 
Tensile testing is a fundamental method used in engineering. It is used to determine the mechanical properties of materials, including their strengths, stiffness, and deformation behaviour under load. These properties are essential when selecting materials for structural and mechanical components, as they directly influence performance, safety and reliability. In this investigation, a tensile test was performed on an aluminium alloy specimen using a laboratory tensile apparatus. The aim of the test was to obtain key material properties such as Young's modulus, yield strength and also ultimate tensile strength (UTS) through analysis of stress-strain behaviour. This study is practically relevant to a reported failure in a racing vehicle drive shaft, where components manufactured from aluminium alloy fractured during operation. As the shaft's iterations and a recent change in material supplier were noted, it is suspected that the failure may be related to material properties. Therefore, the results from the tensile test will be analysed to evaluate whether the material properties are consistent with expected values and to determine whether they could have contributed to the observed component failure. 
2. [bookmark: _Toc226712195]Literature review 
Aluminium is one of the most versatile materials used in engineering today. Its unique combination of strength, low density, and corrosion resistance makes it suitable for a wide range of applications (Presto Engineering, 2025). Aluminium alloys are widely used in automotive and aerospace industries due to their excellent strength-to-weight ratio, which allows for reduced overall mass while maintaining structural performance. This reduction in weight contributes to improved fuel efficiency and performance.
In addition, aluminium exhibits strong corrosion resistance, making it particularly suitable for components exposed to environmental conditions. It can also be further protected through coatings, increasing its lifespan. Aluminium is also highly machinable, making it well-suited for manufacturing processes such as CNC machining. Furthermore, its high thermal and electrical conductivity makes it a preferred material for applications such as automotive cooling systems, where efficient heat dissipation is essential (Presto Engineering, 2025).
One of the most important mechanical properties of a material is Young’s modulus, which describes its stiffness. A higher Young’s modulus indicates that a material will deform less elastically under a given load. For a drive shaft, stiffness is critical, as excessive deformation may affect performance and contribute to failure under repeated loading (Hill, 2025). Yield strength is also a key property, representing the stress at which a material begins to deform plastically. Once this point is exceeded, the material will not return to its original shape when unloaded. Operating close to the yield strength can reduce reliability and increase the risk of permanent deformation and damage (UWTSD, n.d.).
Another important property is ultimate tensile strength (UTS), which is the maximum stress a material can withstand before fracture. This provides an indication of the highest load-carrying capacity of the material. Ductility is also significant, as it describes the extent to which a material can plastically deform before fracture. Ductile materials tend to absorb more energy and exhibit visible deformation prior to failure, whereas brittle materials may fracture suddenly with little warning.
Tensile testing is a widely used method for assessing mechanical properties. By gradually applying a uniaxial tensile load to a specimen and measuring its extension, a stress–strain curve can be produced. This curve allows key properties to be determined, including Young’s modulus from the linear elastic region, yield strength from the point where the material deviates from elastic behaviour, and ultimate tensile strength from the maximum recorded stress. Tensile testing is therefore an important tool in failure analysis, as it enables comparison between measured material performance and expected behaviour in service.
In the case of the drive shaft failure, tensile test results can be used to determine whether the material had sufficient stiffness and strength for the recorded operating stress. If the measured values are lower than expected, this may indicate issues such as an unsuitable alloy, incorrect temper condition, poor material quality, or inconsistencies introduced during supply or manufacturing. For this reason, understanding the tensile properties of aluminium is essential when investigating the cause of failure in critical engineering components.


3. [bookmark: _Toc226712196]Methodology 
[bookmark: _Toc226712231]Figure 1- Tensile testing apparatus used in the experiment
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A tensile test was conducted on an aluminium specimen using a laboratory tensile testing apparatus to determine its mechanical properties. The specimen was secured between two chucks, with one end fixed and the other subjected to a gradually increasing load. The load was applied by rotating the load nut with an Allen key, which displaced the specimen incrementally. The applied force was measured with a dial indicator connected to calibrated springs, allowing the force to be determined using Hooke’s Law. The specimen's extension was measured by recording its length change during loading. The specimen’s initial dimensions, including the gauge length and cross-sectional area, were measured prior to testing with a vernier measuring tool. The cross-sectional area was assumed to remain constant throughout the test. Using the recorded data, stress was calculated as force divided by cross-sectional area, and strain as extension divided by the original length. A stress–strain graph was then plotted from these values. From the stress–strain curve, key material properties were determined. Young’s modulus was obtained from the gradient of the linear elastic region, yield strength was identified using the offset method, and ultimate tensile strength was taken as the maximum stress recorded before failure.


[bookmark: _Toc226712232]Figure 2- Aluminium specimen before testing
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4. [bookmark: _Toc226712198]Test results 
[bookmark: _Toc226712199]4.1 Table results 
The results of the tensile test were used to calculate the stress and strain values for the aluminium specimen. The results obtained and calculated are shown in Table 1. From these values, a stress–strain graph was produced (Figure 2). The ultimate tensile strength (UTS) was identified as the maximum stress reached before failure, which was approximately 146.5 MPa as you can see below.

	Load nut
Movement 
(mm)
	Dial indicator
(mm)
	Force
(N)
	Extension
(mm)
	Stress
(N/m^2)
	nominal
strain


	0
	0
	0
	0
	0
	0

	0.2
	0.17
	17
	0.03
	8.5
	0.000977

	0.4
	0.35
	35
	0.05
	17.5
	0.001629

	0.6
	0.53
	53
	0.07
	26.5
	0.00228

	0.8
	0.72
	72
	0.08
	36
	0.002606

	1
	0.89
	89
	0.11
	44.5
	0.003583

	1.2
	1.08
	108
	0.12
	54
	0.003909

	1.4
	1.25
	125
	0.15
	62.5
	0.004886

	1.6
	1.42
	142
	0.18
	71
	0.005863

	1.8
	1.6
	160
	0.2
	80
	0.006515

	2
	1.76
	176
	0.24
	88
	0.007818

	2.2
	1.94
	194
	0.26
	97
	0.008469

	2.4
	2.1
	210
	0.3
	105
	0.009772

	2.6
	2.25
	225
	0.35
	112.5
	0.011401

	2.8
	2.36
	236
	0.44
	118
	0.014332

	3
	2.48
	248
	0.52
	124
	0.016938

	3.2
	2.55
	255
	0.65
	127.5
	0.021173

	3.4
	2.65
	265
	0.75
	132.5
	0.02443

	3.6
	2.73
	273
	0.87
	136.5
	0.028339

	3.8
	2.81
	281
	0.99
	140.5
	0.032248

	4
	2.86
	286
	1.14
	143
	0.037134

	4.2
	2.92
	292
	1.28
	146
	0.041694

	4.4
	2.93
	293
	1.47
	146.5
	0.047883

	4.6
	Snaps
	Snaps
	Snaps
	Snaps
	Snaps





[bookmark: _Toc226712200]4.2 Graph results 
[bookmark: _Toc226712233]Figure 3 Stress vrs Strain graph

5. [bookmark: _Toc226712201]Analysis 
The stress–strain graph obtained from the tensile test shows the typical behaviour of a ductile material such as aluminium. Initially, the graph exhibits a linear relationship between stress and strain, indicating elastic behaviour where the material deforms proportionally to the applied load and will return to its original shape upon unloading.
The gradient of this linear region was used to determine Young’s modulus, which was found to be approximately 12 GPa. This was calculated by isolating the linear portion of the stress–strain curve (up to approximately 88 MPa) and plotting stress against strain. A linear trendline was then applied, producing a gradient of approximately 11,966 MPa, which was rounded to 12 GPa for simplicity.



[bookmark: _Toc226712234]Figure 4 Stress vrs Strain for Youngs modules


Going back to Figure 2, The Stress increases beyond the linear region, the graph begins to deviate from proportional behaviour, indicating the transition from elastic to plastic deformation. This point represents the material's yield strength. Using the offset method, the yield strength was determined from the intersection between the stress and strain curve and the offset line (Orange line in figure 1) and was found to be approximately 105MPa. 
Beyond the yield point, the material undergoes plastic deformation, where permanent changes in shape occur even after the load is removed. This is shown by the curve continuing to increase in strain with a reduced rate of increase in the stress. The material continues to deform plastically until it reaches its ultimate tensile strength (UTS), which is the maximum stress the material can withstand. In this test, the UTS was found to be approximately 146.5 MPa 
After reaching the ultimate tensile strength, the specimen fractured, as indicated by the termination of the graph. This behaviour is characteristic of ductile materials, which undergo significant plastic deformation prior to failure.
These results can be related to the reported failure of the drive shaft. The maximum operational stress was recorded as 90 MPa, which is below the measured yield strength of 105 MPa. However, the relatively small difference between these values indicates a limited safety margin. Under repeated loading conditions, this could lead to fatigue and eventual failure of the component.
Furthermore, the measured Young’s modulus (approximately 12 GPa) is significantly lower than the typical value for aluminium (approximately 70 GPa). This suggests that the material used may not meet expected mechanical property standards, supporting the hypothesis that the failure may be related to material inconsistency, potentially due to the recent changes in the supplier.
[bookmark: _Toc226712235]Figure 5 - Fractured aluminium specimen after tensile testing
[image: ]
The fractured specimen is shown in Figure 5. The fractured surface appears rough and irregular, which is  a characteristic of ductile failure. This is consistent with the stress – strain graph, where significant plastic deformation occurred before fracture. 

6. [bookmark: _Toc226712202]Conclusion
The tensile test on the aluminium specimen provided key mechanical properties, including Young’s modulus, yield strength, and ultimate tensile strength. The yield strength was approximately 105 MPa, while the ultimate tensile strength was approximately 146.5 MPa. Young’s modulus was calculated to be approximately 12 GPa, which is significantly lower than the typical value for aluminium. These results suggest that the material may not meet expected mechanical property standards. Although the recorded operational stress of the drive shaft (90 MPa) is below the measured yield strength, the relatively small difference between these values indicates a limited safety margin. Under repeated loading, this could lead to fatigue and eventual failure of the component. Furthermore, the unusually low Young’s modulus indicates reduced stiffness, which could contribute to excessive deformation during service. This supports the hypothesis that the failure is likely due to a material issue, potentially linked to the recent change in aluminium supplier. To prevent similar failures in the future, it is recommended that stricter material quality control measures be implemented, including verification of material grade and mechanical properties before use. Additionally, increasing the safety factor in the design or selecting a higher-strength aluminium alloy could improve the reliability of the component. 
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