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The purpose of this assignment is to investigate the mechanical properties of different materials by conducting a tensile test using the ‘Tensile Tester Kit ES6. Tensile testing is a fundamental method in material science to determine the strength, elasticity and ductility of a material when forces are applied upon it.
This experiment aims to understand the concepts of tensile stress, strain and wield stress, which are critical in evaluating material performance. By applying a load to the test material, the experiment will generate data to show how the material responds under stress. The findings from this test will help to determine the materials suitability in engineering structures that require durability and strength.
This report will present how the experiment was carried out, the results and an analysis of the findings. Also, it wants it to let people understand the relationship between stress and strain. Stress being a ratio of forces applied to a cross-sectional area (The Engineering Toolbox, 2019). To find the stress the engineers would use the equation:

Where:
σ = Stress (N/mm^2)
F = Force (N)
A – Cross sectional Area (mm^2)
Strain  is the ‘deformation of a solid due to stress’(The Engineering Toolbox, 2019). To find strain the engineers would use the equation:

Where:
ε = Strain 
ΔL = Change in length (mm)
l = original length (mm)
Youngs modulus sometime referred to as the modulus of elasticity, is a property of materials that tells us how easily it can be stretched and deformed and is a ratio of tensile stress and tensile strain and can be shown as follows:
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[bookmark: _Toc185181441]Figure 1-Relationtionship between stress and strain (Jaber, 2023)
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The following equipment was used in the experiment
· ES6 tensile test kit
· Dial calliper
· X4 specimens (aluminium, Duralumin alloy, Mild steel PVC)
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[bookmark: _Toc185181442]Figure 2-Tensile tester kit Diagram


[bookmark: _Toc185188630][bookmark: _Toc185191332]Procedure 

The following procedure was carried out.
[bookmark: _Toc185179671]Table 1-Experimental procedures (Quipment, 2022)
	Step
	Procedure
	Images 

	1.
	Read the ES6 guidance to enable the engineers to set up the tester kit, understand how it works and to understand each step in the experiment
	[image: ]	

	2.
	Choose the specimen to be tested and use the dial calliper to measure the original length, thickness and width at the gauge length. By doing this the cross-sectional area can be calculated All values need to be recorded.
	[image: ]

	3.
	Remove the safety guard and fit the chosen specimen in the top and bottom chuck and tighten using the hexagonal tool. 

Refit the safety guard. 
	[image: ]

	4.
	When the experiment starts, note down the reading on the vertical scale. The load nut scale is 0.1mm for each increment and that one full turn equals 1mm. The dial goes up in 0.01mm and one full rotation of the dial is 1mm.
	[image: ]

	5.
	The blank results table shows to slowly turn the load nut clockwise in 0.2mm steps up to 5mm, then do larger steps of 1mm up to 10mm, then start doing 10mm steps until the specimen breaks.
	[image: ]

	6.
	Check the elongation of the material; remove what’s left of the material from the tester and push its broken ends together then measure its final length.
	[image: ]

	7.
	Convert and calculate the results to fill the other columns which include: 
· Force 
· Extension 
· Stress 
· Nominal strain
	Force = Dial indicator x 100
Extension = load nut movement – dial indicator
Stress = force/cross sectional area
Nominal strain = extension/length 

	8.
	Once the table has been filled, plot the results for stress and strain on chart paper for the specimen (use different graph paper for each specimen)
	

	9.
	Once the charts are completed note the yield point and tensile strength for each of the specimens 
	

	10.
	Finally, for each of the specimens used find the gradient of the elastic region to compare the stiffness of the materials.
	



[bookmark: _Toc185188631][bookmark: _Toc185191333]
Results

[bookmark: _Toc185179672]Table 2-Raw Data collected
	
	Steel
	Aluminium
	Alloy 
	Plastic 

	Load nut movement (mm)
	Dial indicator (mm)
	Dial indicator (mm)
	Dial indicator (mm)
	Dial indicator (mm)

	0
	0
	0
	0
	0

	0.2
	0.095
	0.15
	0.125
	0.06

	0.4
	0.26
	0.33
	0.27
	0.12

	0.6
	0.44
	0.51
	0.44
	0.18

	0.8
	0.615
	0.69
	0.61
	0.22

	1
	0.79
	0.875
	0.77
	0.23

	1.2
	0.975
	1.06
	0.93
	0.2

	1.4
	1.15
	1.245
	1.1
	0.15

	1.6
	1.325
	1.43
	1.275
	0.12

	1.8
	1.5
	1.61
	1.44
	0.12

	2
	1.68
	1.78
	1.615
	0.12

	2.2
	1.86
	1.952
	1.78
	0.12

	2.4
	2.03
	2.1
	1.96
	0.12

	2.6
	2.215
	2.2
	2.13
	0.13

	2.8
	2.39
	2.33
	2.31
	0.125

	3
	2.565
	2.43
	2.48
	0.125

	3.2
	2.735
	2.5
	2.605
	0.12

	3.4
	2.9
	2.59
	2.825
	0.12

	3.6
	3.06
	2.65
	3
	0.12

	3.8
	3.2
	2.7
	3.17
	0.13

	4
	3.34
	2.77
	3.34
	0.13

	4.2
	3.46
	2.8
	3.52
	0.13

	4.4
	3.56
	2.83
	3.69
	0.13

	4.6
	3.7
	2.83
	3.855
	0.13

	4.8
	3.82
	2.87
	4.035
	0.13

	5
	3.93
	2.87
	4.2
	0.13

	6
	4.42
	SNAP
	4.8
	0.13

	7
	4.8
	
	5
	0.13

	8
	5.07
	
	5.18
	0.13

	9
	5.22
	
	SNAP
	0.13

	10
	5.32
	
	
	0.13

	20
	SNAP 
	
	
	0.11

	30
	
	
	
	0.115

	40
	
	
	
	SNAP
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[bookmark: _Toc185191335]Steel
From the data collected, the stress and strain has been calculated and shown in Table 3. The data shows that steel has a tensile strength of 311.10N/mm^2 or 311.10Mpa. Using the data to create the graph in Figure 3, it shows the yield stress to be 178.95N/mm^2, and it shows it has an elongation percentage of 25.97.
[bookmark: _Toc185179673]Table 3-Steel Data
	Specimen Material: Steel

	Original cross sectional area (mm^2): 1.9x0.9

	Original length (mm): 30.8mm

	Load nut movement (mm)
	Dial indicator (mm)
	Force (N)
	Extension (mm)
	Nominal strain
	Stress (N/mm^2)

	0
	0
	0
	0
	0.000
	0.00

	0.2
	0.095
	9.5
	0.105
	0.003
	5.56

	0.4
	0.26
	26
	0.14
	0.005
	15.20

	0.6
	0.44
	44
	0.16
	0.005
	25.73

	0.8
	0.615
	61.5
	0.185
	0.006
	35.96

	1
	0.79
	79
	0.21
	0.007
	46.20

	1.2
	0.975
	97.5
	0.225
	0.007
	57.02

	1.4
	1.15
	115
	0.25
	0.008
	67.25

	1.6
	1.325
	132.5
	0.275
	0.009
	77.49

	1.8
	1.5
	150
	0.3
	0.010
	87.72

	2
	1.68
	168
	0.32
	0.010
	98.25

	2.2
	1.86
	186
	0.34
	0.011
	108.77

	2.4
	2.03
	203
	0.37
	0.012
	118.71

	2.6
	2.215
	221.5
	0.385
	0.013
	129.53

	2.8
	2.39
	239
	0.41
	0.013
	139.77

	3
	2.565
	256.5
	0.435
	0.014
	150.00

	3.2
	2.735
	273.5
	0.465
	0.015
	159.94

	3.4
	2.9
	290
	0.5
	0.016
	169.59

	3.6
	3.06
	306
	0.54
	0.018
	178.95

	3.8
	3.2
	320
	0.6
	0.019
	187.13

	4
	3.34
	334
	0.66
	0.021
	195.32

	4.2
	3.46
	346
	0.74
	0.024
	202.34

	4.4
	3.56
	356
	0.84
	0.027
	208.19

	4.6
	3.7
	370
	0.9
	0.029
	216.37

	4.8
	3.82
	382
	0.98
	0.032
	223.39

	5
	3.93
	393
	1.07
	0.035
	229.82

	6
	4.42
	442
	1.58
	0.051
	258.48

	7
	4.8
	480
	2.2
	0.071
	280.70

	8
	5.07
	507
	2.93
	0.095
	296.49

	9
	5.22
	522
	3.78
	0.123
	305.26

	10
	5.32
	532
	4.68
	0.152
	311.11

	20
	SNAP 
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[bookmark: _Toc185181443]Figure 3-Tensile test for Steel Specimen
	Tensile strength
	311.10

	Yield stress
	178.95

	Elongation
	25.97
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[bookmark: _Toc185181444]Figure 4-Elastic region for Steel Specimen

[bookmark: _Toc185191336]Aluminium 
From the data collected, the stress and strain has been calculated and shown in Table 4. Aluminium has a tensile strength of 143.50N/mm^2 or 143.50Mpa. Using the data to create the graph in Figure 5, it shows the yield stress to be 97.60N/mm^2, and it shows it has an elongation percentage of 7.42.

[bookmark: _Toc185179674]Table 4-Aluminium Data
	Specimen Material: Aluminium

	Original cross sectional area (mm^2): 2x1

	Original length (mm): 31mm

	Load nut movement (mm)
	Dial indicator (mm)
	Force (N)
	Extension (mm)
	Nominal strain
	Stress (N/mm^2)

	0
	0
	0
	0
	0.000
	0.00

	0.2
	0.15
	15
	0.05
	0.002
	7.50

	0.4
	0.33
	33
	0.07
	0.002
	16.50

	0.6
	0.51
	51
	0.09
	0.003
	25.50

	0.8
	0.69
	69
	0.11
	0.004
	34.50

	1
	0.875
	87.5
	0.125
	0.004
	43.75

	1.2
	1.06
	106
	0.14
	0.005
	53.00

	1.4
	1.245
	124.5
	0.155
	0.005
	62.25

	1.6
	1.43
	143
	0.17
	0.005
	71.50

	1.8
	1.61
	161
	0.19
	0.006
	80.50

	2
	1.78
	178
	0.22
	0.007
	89.00

	2.2
	1.952
	195.2
	0.248
	0.008
	97.60

	2.4
	2.1
	210
	0.3
	0.010
	105.00

	2.6
	2.2
	220
	0.4
	0.013
	110.00

	2.8
	2.33
	233
	0.47
	0.015
	116.50

	3
	2.43
	243
	0.57
	0.018
	121.50

	3.2
	2.5
	250
	0.7
	0.023
	125.00

	3.4
	2.59
	259
	0.81
	0.026
	129.50

	3.6
	2.65
	265
	0.95
	0.031
	132.50

	3.8
	2.7
	270
	1.1
	0.035
	135.00

	4
	2.77
	277
	1.23
	0.040
	138.50

	4.2
	2.8
	280
	1.4
	0.045
	140.00

	4.4
	2.83
	283
	1.57
	0.051
	141.50

	4.6
	2.83
	283
	1.77
	0.057
	141.50

	4.8
	2.87
	287
	1.93
	0.062
	143.50

	5
	2.87
	287
	2.13
	0.069
	143.50

	6
	SNAP
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[bookmark: _Toc185181445]Figure 5-Tensile test for Aluminium Specimen
	Tensile strength
	143.50

	Yield stress
	97.6

	Elongation
	7.42
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[bookmark: _Toc185181446]Figure 6-Elastic Region for Aluminium Specimen
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From the data collected, the stress and strain has been calculated and shown in Table 5. Alloy has a tensile strength of 272.63N/mm^2 or 272.63Mpa. Using the data to create the graph in Figure 7, it shows the yield stress to be 221.05N/mm^2, and it shows it has an elongation percentage of 6.45.

Table 5-Alloy Data
	Specimen Material: Alloy

	Original cross sectional area (mm^2): 19x1

	Original length (mm): 31mm

	Load nut movement (mm)
	Dial indicator (mm)
	Force (N)
	Extension (mm)
	Nominal strain
	Stress (N/mm^2)

	0
	0
	0
	0
	0.000
	0.00

	0.2
	0.125
	12.5
	0.075
	0.002
	6.58

	0.4
	0.27
	27
	0.13
	0.004
	14.21

	0.6
	0.44
	44
	0.16
	0.005
	23.16

	0.8
	0.61
	61
	0.19
	0.006
	32.11

	1
	0.77
	77
	0.23
	0.007
	40.53

	1.2
	0.93
	93
	0.27
	0.009
	48.95

	1.4
	1.1
	110
	0.3
	0.010
	57.89

	1.6
	1.275
	127.5
	0.325
	0.010
	67.11

	1.8
	1.44
	144
	0.36
	0.012
	75.79

	2
	1.615
	161.5
	0.385
	0.012
	85.00

	2.2
	1.78
	178
	0.42
	0.014
	93.68

	2.4
	1.96
	196
	0.44
	0.014
	103.16

	2.6
	2.13
	213
	0.47
	0.015
	112.11

	2.8
	2.31
	231
	0.49
	0.016
	121.58

	3
	2.48
	248
	0.52
	0.017
	130.53

	3.2
	2.605
	260.5
	0.595
	0.019
	137.11

	3.4
	2.825
	282.5
	0.575
	0.019
	148.68

	3.6
	3
	300
	0.6
	0.019
	157.89

	3.8
	3.17
	317
	0.63
	0.020
	166.84

	4
	3.34
	334
	0.66
	0.021
	175.79

	4.2
	3.52
	352
	0.68
	0.022
	185.26

	4.4
	3.69
	369
	0.71
	0.023
	194.21

	4.6
	3.855
	385.5
	0.745
	0.024
	202.89

	4.8
	4.035
	403.5
	0.765
	0.025
	212.37

	5
	4.2
	420
	0.8
	0.026
	221.05

	6
	4.8
	480
	1.2
	0.039
	252.63

	7
	5
	500
	2
	0.065
	263.16

	8
	5.18
	518
	2.82
	0.091
	272.63

	9
	SNAP
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[bookmark: _Toc185181447]Figure 7-Tensile Test for Alloy Specimen
	Tensile strength
	272.63

	Yield stress
	221.05

	Elongation
	6.45
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[bookmark: _Toc185181448]Figure 8-Elastic Region for Alloy Specimen
[bookmark: _Toc185179676][bookmark: _Toc185188636][bookmark: _Toc185191338]Plastic
From the data collected, the stress and strain has been calculated and shown in Table 6. Plastic has a tensile strength of 6.05N/mm^2 or 6.05Mpa. Using the data to create the graph in Figure 9, it shows the yield stress to be 12.11N/mm^2, and it shows it has an elongation percentage of 85.58.

Table 6-Plastic Data
	Specimen Material: Plastic

	Original cross sectional area (mm^2): 1.9x1

	Original length (mm): 31.2

	Load nut movement (mm)
	Dial indicator (mm)
	Force (N)
	Extension (mm)
	Nominal strain
	Stress (N/mm^2)

	0
	0
	0
	0
	0.000
	0.00

	0.2
	0.06
	6
	0.14
	0.004
	3.16

	0.4
	0.12
	12
	0.28
	0.009
	6.32

	0.6
	0.18
	18
	0.42
	0.013
	9.47

	0.8
	0.22
	22
	0.58
	0.019
	11.58

	1
	0.23
	23
	0.77
	0.025
	12.11

	1.2
	0.2
	20
	1
	0.032
	10.53

	1.4
	0.15
	15
	1.25
	0.040
	7.89

	1.6
	0.12
	12
	1.48
	0.047
	6.32

	1.8
	0.12
	12
	1.68
	0.054
	6.32

	2
	0.12
	12
	1.88
	0.060
	6.32

	2.2
	0.12
	12
	2.08
	0.067
	6.32

	2.4
	0.12
	12
	2.28
	0.073
	6.32

	2.6
	0.13
	13
	2.47
	0.079
	6.84

	2.8
	0.125
	12.5
	2.675
	0.086
	6.58

	3
	0.125
	12.5
	2.875
	0.092
	6.58

	3.2
	0.12
	12
	3.08
	0.099
	6.32

	3.4
	0.12
	12
	3.28
	0.105
	6.32

	3.6
	0.12
	12
	3.48
	0.112
	6.32

	3.8
	0.13
	13
	3.67
	0.118
	6.84

	4
	0.13
	13
	3.87
	0.124
	6.84

	4.2
	0.13
	13
	4.07
	0.130
	6.84

	4.4
	0.13
	13
	4.27
	0.137
	6.84

	4.6
	0.13
	13
	4.47
	0.143
	6.84

	4.8
	0.13
	13
	4.67
	0.150
	6.84

	5
	0.13
	13
	4.87
	0.156
	6.84

	6
	0.13
	13
	5.87
	0.188
	6.84

	7
	0.13
	13
	6.87
	0.220
	6.84

	8
	0.13
	13
	7.87
	0.252
	6.84

	9
	0.13
	13
	8.87
	0.284
	6.84

	10
	0.13
	13
	9.87
	0.316
	6.84

	20
	0.11
	11
	19.89
	0.638
	5.79

	30
	0.115
	11.5
	29.885
	0.958
	6.05

	40
	SNAP
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[bookmark: _Toc185181449]Figure 9-Tensile Test for Plastic Specimen
	Tensile strength
	6.05

	Yield stress
	12.11

	Elongation
	85.58
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[bookmark: _Toc185181450]Figure 10-Elastic Region for Plastic Specimen
[bookmark: _Toc185188637]

[bookmark: _Toc185191339]Conclusion
Based on the results of the experiment, it was determined that steel had the highest tensile strength, measuring 311.10MPa. In comparison, PVC plastic demonstrated the lowest tensile strength, with a value of 6.05MPa. The alloy has the best yield stress of 22.11MPa compared to the PVC plastic which only has a yield stress of 1.21MPa. 
These findings highlight the significant differences in mechanical properties between the tested materials, with steel and alloy being the most robust options compared to PVC plastic.
The tensile strength of 311.1MPa for steel that was obtained in this experiment was slightly lower than the theoretical value of 400 MPa (Knapman, 2013). Also, the yield stress for steel that they found was 178.95 MPa and is also lower than the theoretical value of 250 MPa (Knapman, 2013). 



[bookmark: _Toc185188638][bookmark: _Toc185191340]Evaluation
The way that the engineers eliminated any possible errors is by first making sure that they were conducting the experiment in a ‘well-lit room’ (science, 2024). They also made sure that they read the notes given to them to ensure that they understood how to use the equipment correctly. It was also required for them to make sure that the specimens haven’t been damaged before the experiment starts and that the machine is in good condition. Furthermore, they would have needed to make sure that the equipment has been calibrated which would be setting the dial to zero and setting the vernier callipers to zero.
However, what the engineers could have done is make the same person turn the load nut. If a different person were to do it, they might have unsteady hands or turn it faster or slower making it a more consistent test. 



[bookmark: _Toc185188639][bookmark: _Toc185191341]Further work
If the engineering team had access to unlimited time and resources, significant improvements could be made to the tensile test. The experiment could benefit from various enhancements, such as the use of advanced equipment to increase the precision and accuracy of measurements. Automating the test process would not only improve the reliability of the results but also enhance safety during testing. 
Examples of advanced equipment that could be used is digital gauges. This would improve the accuracy of the readings and reduce the chances of human error when it came to reading the dial on the machine. Also, they could use a universal testing machine which is a more advanced system that applies tensile force to a material until it breaks, and it records the forced applied to the materials, and the elongation of the specimen for you (Tensile Testing: Machine and Tester, no date). If they were to use a machine like this instead it would be more efficient in doing the experiment and would produce more accurate reading without human error.
Also, if the engineers doing the experiment had unlimited time to do the experiment then they should do the experiment multiple times for each specimen because by doing the experiment over again with the same material the engineers can see if the results come out different which would identify errors. If the experiment was carried out  multiple times they could find an average for the tensile strength and the yield stress.
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Agraph showing a tensile test on steel
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Agraph showing a tensile test on Aluminium
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Agraph showing a tensile test on Alloy material
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Agraph showing a tensile test on Plastic
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