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[bookmark: _Toc184847669]1.Introduction
This report outlines the results of a tensile test conducted by a group of engineering students in an engineering science lab using the Tensile Tester Kit ES6. The aim of this report is to compare the Young’s Modulus of 4 different materials, steel, aluminium, duralumin and PVC. 

[bookmark: _Toc184847670]2.Experimental Procedure
This experiment involved testing 4 different specimens, steel, aluminium, duralumin and PVC (as shown in figure 2). Each specimen’s thickness and width were measured using a vernier calliper. This is done to allow the cross-sectional area to be later calculated. The original length of each specimen is also measured using the vernier calliper. Each specimen was then placed in the tensile tester (as shown in figure 1) and the dial indicator was set to zero. The load nut was turned clockwise gradually, in small 0.2 mm increments until 5 mm, then 1 mm increments until 10 mm, and finally 1 mm increments until the specimen broke (as shown in figure 3). After each turn, the dial indicator’s value was recorded. After the specimen was broken and removed from the tensile tester, the broken ends were pushed together and measured its final length to find out the elongation. 
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Figure 1 - Tensile Tester
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Figure 2 - Untested Specimen
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Figure 3 - Tested Specimen


[bookmark: _Toc184847671]3.Results
	Load Nut
Movement (mm)
	Steel - Dial 
Indicator (mm)
	Aluminium -
 Dial Indicator (mm)
	Duralumin - 
 Dial Indicator (mm)
	PVC - Dial 
Indicator (mm)

	0.0
	0.00
	0.00
	0.00
	0.00

	0.2
	0.17
	0.16
	0.16
	0.03

	0.4
	0.35
	0.33
	0.33
	0.08

	0.6
	0.54
	0.51
	0.51
	0.12

	0.8
	0.72
	0.67
	0.66
	0.17

	1.0
	0.91
	0.76
	0.79
	0.23

	1.2
	1.10
	0.91
	0.97
	0.28

	1.4
	1.29
	1.07
	1.12
	0.31

	1.6
	1.47
	1.24
	1.27
	0.18

	1.8
	1.65
	1.39
	1.44
	0.22

	2.0
	1.85
	1.52
	1.61
	0.23

	2.2
	2.04
	1.70
	1.78
	0.20

	2.4
	2.22
	1.86
	1.96
	0.21

	2.6
	2.41
	2.00
	2.14
	0.21

	2.8
	2.58
	2.10
	2.31
	0.21

	3.0
	2.76
	2.21
	2.47
	0.20

	3.2
	2.92
	2.30
	2.66
	0.20

	3.4
	3.07
	2.40
	2.82
	0.20

	3.6
	3.20
	2.47
	2.99
	0.20

	3.8
	3.30
	2.56
	3.12
	0.20

	4.0
	3.46
	2.58
	3.34
	0.20

	4.2
	3.57
	2.67
	3.51
	0.20

	4.4
	3.70
	2.72
	3.68
	0.20

	4.6
	3.81
	2.72
	3.85
	0.20

	4.8
	3.92
	2.74
	4.02
	0.20

	5.0
	4.05
	2.79
	4.18
	0.20

	6.0
	4.53
	
	4.76
	0.19

	7.0
	4.87
	
	5.00
	0.24

	8.0
	5.13
	
	5.12
	0.25

	9.0
	5.32
	
	
	0.25

	10.0
	5.40
	
	
	0.22

	
	
	
	
	0.16

	
	
	
	
	0.15

	
	
	
	
	0.16


Table 1 - Raw Results


[bookmark: _Toc184847672]4.Analysis
	Load Nut 
	Dial 
	Strain
	Force
	Stress

	Movement
	Indicator
	 
	 
	 

	(mm)
	(mm)
	(no units)
	(N)
	(N/mm²)

	0.0
	0.00
	0.000000
	0
	0.0

	0.2
	0.17
	0.000974
	17
	9.4

	0.4
	0.35
	0.001623
	35
	19.4

	0.6
	0.54
	0.001948
	54
	30.0

	0.8
	0.72
	0.002597
	72
	40.0

	1.0
	0.91
	0.002922
	91
	50.6

	1.2
	1.10
	0.003247
	110
	61.1

	1.4
	1.29
	0.003571
	129
	71.7

	1.6
	1.47
	0.004221
	147
	81.7

	1.8
	1.65
	0.004870
	165
	91.7

	2.0
	1.85
	0.004870
	185
	102.8

	2.2
	2.04
	0.005195
	204
	113.3

	2.4
	2.22
	0.005844
	222
	123.3

	2.6
	2.41
	0.006169
	241
	133.9

	2.8
	2.58
	0.007143
	258
	143.3

	3.0
	2.76
	0.007792
	276
	153.3

	3.2
	2.92
	0.009091
	292
	162.2

	3.4
	3.07
	0.010714
	307
	170.6

	3.6
	3.20
	0.012987
	320
	177.8

	3.8
	3.30
	0.016234
	330
	183.3

	4.0
	3.46
	0.017532
	346
	192.2

	4.2
	3.57
	0.020455
	357
	198.3

	4.4
	3.70
	0.022727
	370
	205.6

	4.6
	3.81
	0.025649
	381
	211.7

	4.8
	3.92
	0.028571
	392
	217.8

	5.0
	4.05
	0.030844
	405
	225.0

	6.0
	4.53
	0.047727
	453
	251.7

	7.0
	4.87
	0.069156
	487
	270.6

	8.0
	5.13
	0.093182
	513
	285.0

	9.0
	5.32
	0.119481
	532
	295.6

	10.0
	5.40
	0.149351
	540
	300.0


Table 2 - Steel results and calculations

Figure 4 - Stress vs. Strain for Steel
There is a positive correlation between stress and strain. It shows a clear elastic region followed by a short plastic region before snapping.

	Load Nut
	Dial
	Strain
	Force
	Stress

	Movement
	Indicator
	
	
	

	(mm)
	(mm)
	(no units)
	(N)
	(N/mm²)

	0.0
	0.00
	0.000000
	0
	0.0

	0.2
	0.16
	0.001290
	16
	8.9

	0.4
	0.33
	0.002258
	33
	18.3

	0.6
	0.51
	0.002903
	51
	28.3

	0.8
	0.67
	0.004194
	67
	37.2

	1.0
	0.76
	0.007742
	76
	42.2

	1.2
	0.91
	0.009355
	91
	50.6

	1.4
	1.07
	0.010645
	107
	59.4

	1.6
	1.24
	0.011613
	124
	68.9

	1.8
	1.39
	0.013226
	139
	77.2

	2.0
	1.52
	0.015484
	152
	84.4

	2.2
	1.70
	0.016129
	170
	94.4

	2.4
	1.86
	0.017419
	186
	103.3

	2.6
	2.00
	0.019355
	200
	111.1

	2.8
	2.10
	0.022581
	210
	116.7

	3.0
	2.21
	0.025484
	221
	122.8

	3.2
	2.30
	0.029032
	230
	127.8

	3.4
	2.40
	0.032258
	240
	133.3

	3.6
	2.47
	0.036452
	247
	137.2

	3.8
	2.56
	0.040000
	256
	142.2

	4.0
	2.58
	0.045806
	258
	143.3

	4.2
	2.67
	0.049355
	267
	148.3

	4.4
	2.72
	0.054194
	272
	151.1

	4.6
	2.72
	0.060645
	272
	151.1

	4.8
	2.74
	0.066452
	274
	152.2

	5.0
	2.79
	0.071290
	279
	155.0


Table 3 - Aluminium results and calculations

Figure 5 - Stress vs. Strain graph for Aluminium

There is a positive correlation between stress and strain. There is not a particularly obvious point of yield.


	Load Nut 
	Dial
	Strain
	Force
	Stress

	Movement
	Indicator
	 
	 
	 

	(mm)
	(mm)
	(no units)
	(N)
	(N/mm²)

	0.0
	0.00
	0.000000
	0
	0.0

	0.2
	0.16
	0.001290
	16
	8.0

	0.4
	0.33
	0.002258
	33
	16.5

	0.6
	0.51
	0.002903
	51
	25.5

	0.8
	0.66
	0.004516
	66
	33.0

	1.0
	0.79
	0.006774
	79
	39.5

	1.2
	0.97
	0.007419
	97
	48.5

	1.4
	1.12
	0.009032
	112
	56.0

	1.6
	1.27
	0.010645
	127
	63.5

	1.8
	1.44
	0.011613
	144
	72.0

	2.0
	1.61
	0.012581
	161
	80.5

	2.2
	1.78
	0.013548
	178
	89.0

	2.4
	1.96
	0.014194
	196
	98.0

	2.6
	2.14
	0.014839
	214
	107.0

	2.8
	2.31
	0.015806
	231
	115.5

	3.0
	2.47
	0.017097
	247
	123.5

	3.2
	2.66
	0.017419
	266
	133.0

	3.4
	2.82
	0.018710
	282
	141.0

	3.6
	2.99
	0.019677
	299
	149.5

	3.8
	3.12
	0.021935
	312
	156.0

	4.0
	3.34
	0.021290
	334
	167.0

	4.2
	3.51
	0.022258
	351
	175.5

	4.4
	3.68
	0.023226
	368
	184.0

	4.6
	3.85
	0.024194
	385
	192.5

	4.8
	4.02
	0.025161
	402
	201.0

	5.0
	4.18
	0.026452
	418
	209.0

	6.0
	4.76
	0.040000
	476
	238.0

	7.0
	5.00
	0.064516
	500
	250.0

	8.0
	5.12
	0.092903
	512
	256.0


Table 4 - Duralumin results and calculations

Figure 6 - Stress vs. Strain graph for Duralumin
There is a positive correlation between stress and strain. The graph shows a significant elastic region proceeded by a fairly evident yield point and a short plastic region.

	Load Nut 
	Dial
	Strain
	Force
	Stress

	Movement
	Indicator
	 
	 
	 

	(mm)
	(mm)
	(no units)
	(N)
	(N/mm²)

	0.0
	0.00
	0.000000
	0
	0.0

	0.2
	0.03
	0.002478
	3
	1.5

	0.4
	0.08
	0.004665
	8
	4.0

	0.6
	0.12
	0.006997
	12
	6.0

	0.8
	0.17
	0.009184
	17
	8.5

	1.0
	0.23
	0.011224
	23
	11.5

	1.2
	0.28
	0.013411
	28
	14.0

	1.4
	0.31
	0.015889
	31
	15.5

	1.6
	0.18
	0.020700
	18
	9.0

	1.8
	0.22
	0.023032
	22
	11.0

	2.0
	0.23
	0.025802
	23
	11.5

	2.2
	0.20
	0.029155
	20
	10.0

	2.4
	0.21
	0.031924
	21
	10.5

	2.6
	0.21
	0.034840
	21
	10.5

	2.8
	0.21
	0.037755
	21
	10.5

	3.0
	0.20
	0.040816
	20
	10.0

	3.2
	0.20
	0.043732
	20
	10.0

	3.4
	0.20
	0.046647
	20
	10.0

	3.6
	0.20
	0.049563
	20
	10.0

	3.8
	0.20
	0.052478
	20
	10.0

	4.0
	0.20
	0.055394
	20
	10.0

	4.2
	0.20
	0.058309
	20
	10.0

	4.4
	0.20
	0.061224
	20
	10.0

	4.6
	0.20
	0.064140
	20
	10.0

	4.8
	0.20
	0.067055
	20
	10.0

	5.0
	0.20
	0.069971
	20
	10.0

	6.0
	0.19
	0.084694
	19
	9.5

	7.0
	0.24
	0.098542
	24
	12.0

	8.0
	0.25
	0.112974
	25
	12.5

	9.0
	0.25
	0.127551
	25
	12.5

	10.0
	0.22
	0.142566
	22
	11.0

	20.0
	0.16
	0.289213
	16
	8.0

	30.0
	0.15
	0.435131
	15
	7.5

	40.0
	0.16
	0.580758
	16
	8.0


Table 5 - PVC results and calculations

Figure 7 - Stress vs. Strain graph for PVC
In this graph, there is an evident short elastic region followed by a long plastic region.


[bookmark: _Toc184847673]5.Conclusion
Young’s Modulus (YM) is the measure of stiffness of a material (TecQuipment Ltd, 2012). One way it may be found is by working out the gradient of the Elastic region on a stress strain graph. Figure 4 shows the graphical stress strain data for steel from which the Young’s Modulus can be calculated to be 16.55GPa. In comparison to data from Cambridge University Engineering Department, this YM is out by 91.75-92.40%. (Cambridge University Engineering Department, 2019)

[bookmark: _Toc184847674]6.Evaluation
In order to eliminate errors as much as possible, a constant rate of load was applied as much as possible when turning the load nut. This was to avoid variations in strain that could affect the results. It was also ensured that the specimen was properly aligned and secured in the tensile tester. This was to prevent uneven stretching or unnecessary forces that may lead to inaccurate readings, or the specimen may break sooner than it should.
Usually, environmental conditions, such as temperature, would also be controlled, however in this experiment, this was not possible as it was a very cold day and the heating in the lab had not been turned on. This meant the room gradually warmed up leading to the first materials that were tested being much more brittle than expected and the last materials were more consistent with expectations. 

[bookmark: _Toc184847675]7.Further work
Given unlimited time and resources, this experiment could be improved through the use of advanced measurement devices, such as an extensometer. An extensometer is “an instrument attached to a tensile test piece which measures the small displacement that occur over the gauge length with increasing or decreasing load” (Atkins & Escudier, 2019). By using an extensometer, this would remove any possible human error, hence improving accuracy. Another way in which the experiment could be improved is by repeating it. By performing several tests with each material, it would allow any inconsistencies to be identified and improve the reliability of the results. 
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