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[bookmark: _Toc202125516]Introduction
This assignment aims to demonstrate the process of conducting a tensile test experiment using four different materials, while logging the data and plotting graphs to display the results in the form of Stress-Strain Diagrams. The equipment used in the experiment was a TecQuipment ES6 Tensile Tester Kit, and the four materials used are Steel, Aluminium, Duralumin, and PVC. A tensile test is the test of a material's capabilities. A piece of material gets placed between 2 grips and pulled in opposite directions to put the part under stress until it eventually fractures and breaks. From this test, you’re able to find the stress, strain, Young's modulus, and elongation. Also, by creating stress-strain diagrams, you can also find its yield point and see how it acts under load over time. (TecQuipment, 2012)
Tensile testing is important to help engineers understand how materials will act when put in certain environments. Some examples of where it’s used are in manufacturing to verify that materials meet standards for certain parts and functions. Quality assurance may use tensile testing to ensure that the current products meet the expected standard of their product. An example of a product that goes through rigorous tensile testing is road tires. Engineers must ensure that they can withstand endless inconsistencies in the road and different weather conditions, constantly applying different forces to the material over a long period of time (Instron, n.d.).


[bookmark: _Toc202125517]Testing Procedure
1. Take measurements of the specimen. Measure the Width, Thickness and Gauge Length (Figure 1). 
2. Secure the specimen to the tester using the 2 grips (Figure 2) and set the dial to zero (Figure 3). 
3. Take measurements following the testing guide. Here it was 0.2mm until 5mm, 1mm until 10mm and finally 10mm until break. 
4. Once the test has been completed and all test points have been recorded, remove the specimen and record the gauge length after the test. 
5. Repeat this process with all 4 materials. 
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[bookmark: _Toc202108514]Figure 1: Specimen Measurement Guide
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[bookmark: _Toc202108515]Figure 2:TecQuipment ES6 Tensile Tester
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[bookmark: _Toc202108516]Figure 3:Tensile Tester Dial to 0
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Table 1 below presents the raw data from the experiment. Column A detailing the Load Nut Movements starting in increments of 0.2mm, then increasing to 1mm, then by 10mm. Columns B, C, D, and E show the Dial Indicator reading for each material at each Load Nut position. 
[bookmark: _Toc202125550]Table 1:Raw Test Data
	
	Dial Indicator (mm)

	Load Nut (mm)
	Steel
	Aluminium
	Duralumin
	PVC

	0
	0
	0
	0
	0

	0.2
	0.18
	0.15
	0.17
	0.06

	0.4
	0.36
	0.33
	0.36
	0.11

	0.6
	0.55
	0.5
	0.55
	0.16

	0.8
	0.74
	0.67
	0.73
	0.22

	1
	0.92
	0.85
	0.89
	0.24

	1.2
	1.1
	1.02
	1.05
	0.25

	1.4
	1.28
	1.19
	1.25
	0.18

	1.6
	1.46
	1.36
	1.41
	0.19

	1.8
	1.64
	1.54
	1.61
	0.16

	2
	1.83
	1.7
	1.77
	0.15

	2.2
	2
	1.85
	1.95
	0.15

	2.4
	2.37
	1.95
	2.13
	0.15

	2.6
	2.44
	2.07
	2.29
	0.14

	2.8
	2.53
	2.18
	2.47
	0.13

	3
	2.69
	2.24
	2.66
	0.12

	3.2
	2.86
	2.33
	2.84
	0.12

	3.4
	3
	2.42
	3.01
	0.12

	3.6
	3.13
	2.46
	3.19
	0.12

	3.8
	3.25
	2.55
	3.36
	0.12

	4
	3.38
	2.59
	3.54
	0.12

	4.2
	3.51
	2.63
	3.69
	0.12

	4.4
	3.62
	2.65
	3.85
	0.14

	4.6
	3.74
	2.68
	4.04
	0.12

	4.8
	3.84
	 
	4.21
	0.2

	5
	3.96
	 
	4.39
	0.17

	6
	4.39
	 
	4.91
	0.18

	7
	4.75
	 
	5.09
	0.16

	8
	4.99
	 
	 
	0.15

	9
	5.14
	 
	 
	0.15

	10
	5.2
	 
	 
	0.15

	20
	 
	 
	 
	0.14

	30
	 
	 
	 
	0.13

	40
	 
	 
	 
	0.12

	50
	 
	 
	 
	 

	60
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[bookmark: _Toc202125551]Table 2:Table Displaying Specimen Measurements
	Steel
	Aluminium
	Duralumin
	PVC

	Width (mm)
	2
	Width (mm)
	2
	Width (mm)
	2
	Width (mm)
	1.9

	Thickness (mm)
	0.94
	Thickness (mm)
	1
	Thickness (mm)
	1
	Thickness (mm)
	1

	Area (m²)
	0.00000188
	Area (m^2)
	0.000002
	Area (m^2)
	0.000002
	Area (m^2)
	0.0000019

	Length (mm)
	30.7
	Length (mm)
	31
	Length (mm)
	31
	Length (mm)
	31

	Final Length (mm)
	35.6
	Final Length (mm)
	33
	Final Length (mm)
	32.1
	Final Length (mm)
	53.4

	Elongation (%)
	15.96091205
	Elongation (%)
	6.451612903
	Elongation (%)
	3.548387097
	Elongation (%)
	72.25806452





[bookmark: _Toc202125552]Table 3: Steel Analysed Data
	Steel

	Load Nut (mm)
	Dial Indicator (mm)
	Force (N)
	Extension (mm)
	Nominal Strain
	Stress (MPa)

	0
	0
	0
	0
	0
	0

	0.2
	0.18
	18
	0.02
	0.000651466
	9.574468085

	0.4
	0.36
	36
	0.04
	0.001302932
	19.14893617

	0.6
	0.55
	55
	0.05
	0.001628664
	29.25531915

	0.8
	0.74
	74
	0.06
	0.001954397
	39.36170213

	1
	0.92
	92
	0.08
	0.002605863
	48.93617021

	1.2
	1.1
	110
	0.1
	0.003257329
	58.5106383

	1.4
	1.28
	128
	0.12
	0.003908795
	68.08510638

	1.6
	1.46
	146
	0.14
	0.004560261
	77.65957447

	1.8
	1.64
	164
	0.16
	0.005211726
	87.23404255

	2
	1.83
	183
	0.17
	0.005537459
	97.34042553

	2.2
	2
	200
	0.2
	0.006514658
	106.3829787

	2.4
	2.37
	237
	0.03
	0.000977199
	126.0638298

	2.6
	2.44
	244
	0.16
	0.005211726
	129.787234

	2.8
	2.53
	253
	0.27
	0.008794788
	134.5744681

	3
	2.69
	269
	0.31
	0.01009772
	143.0851064

	3.2
	2.86
	286
	0.34
	0.011074919
	152.1276596

	3.4
	3
	300
	0.4
	0.013029316
	159.5744681

	3.6
	3.13
	313
	0.47
	0.015309446
	166.4893617

	3.8
	3.25
	325
	0.55
	0.017915309
	172.8723404

	4
	3.38
	338
	0.62
	0.02019544
	179.787234

	4.2
	3.51
	351
	0.69
	0.02247557
	186.7021277

	4.4
	3.62
	362
	0.78
	0.025407166
	192.5531915

	4.6
	3.74
	374
	0.86
	0.028013029
	198.9361702

	4.8
	3.84
	384
	0.96
	0.031270358
	204.2553191

	5
	3.96
	396
	1.04
	0.033876221
	210.6382979

	6
	4.39
	439
	1.61
	0.052442997
	233.5106383

	7
	4.75
	475
	2.25
	0.073289902
	252.6595745

	8
	4.99
	499
	3.01
	0.098045603
	265.4255319

	9
	5.14
	514
	3.86
	0.125732899
	273.4042553

	10
	5.2
	520
	4.8
	0.156351792
	276.5957447

	11
	5.25
	525
	5.75
	0.187296417
	279.2553191

	12
	5.28
	528
	6.72
	0.218892508
	280.8510638

	40
	 
	0
	40
	 
	0

	50
	 
	0
	50
	 
	0

	60
	 
	0
	60
	 
	0



Above are the Tables representing the analysed raw data from the experiment. Column D displays the extension, calculated using the original length and the length post completion of the test. Column E displays the Nominal Strain calculated using the extension and the original length using the equation below.

[bookmark: _Toc202125561]Equation 1:Strain Equation
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[bookmark: _Toc202108517]Figure 4: Diagram Displaying Strain
Column F displays the Stress calculated using the Force and the cross-sectional area. The equation below demonstrates how that calculation is done. 

[bookmark: _Toc202125562]Equation 2: Stress Equation
[image: A diagram of a rectangular object with text

AI-generated content may be incorrect.]
[bookmark: _Toc202108518]Figure 5: Diagram Displaying Stress
From this, the Graphs were plotted, showing a stress-strain graph where you can take readings for the yield point and gather information about how the material acted under load. The same process was repeated for the other materials, with the tables below for aluminium, duralumin and PVC.

[bookmark: _Toc202108519]Figure 6: Graph Displaying Stress-Strain for Steel

[bookmark: _Toc202108520]Figure 7: Graph Displaying Steel Stress-Strain for Young's Modulus Calculation 
Figure 7 above shows the graph before the yield point for steel. This area of the graph is used to calculate Young's Modulus. The Young's modulus is how much a material can resist the strain of a particular stress. This, in other words, is the ratio between stress and strain. Calculated using the gradient of a stress-strain graph before the yield point, as displayed below in Figure 8.
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[bookmark: _Toc202108521]Figure 8:Graph Displaying Young's Modulus Calculation
All the calculations were repeated for each material during the analysis, and graphs and tables were generated for each one, which are all displayed below.
[bookmark: _Toc202125553]Table 4: Aluminium Analysed Data
	Aluminium

	Load Nut (mm)
	Dial Indicator (mm)
	Force (N)
	Extension (mm)
	Nominal Strain 
	Stress (MPa)

	0
	0
	0
	0
	0
	0

	0.2
	0.15
	15
	0.05
	0.001612903
	7.5

	0.4
	0.33
	33
	0.07
	0.002258065
	16.5

	0.6
	0.5
	50
	0.1
	0.003225806
	25

	0.8
	0.67
	67
	0.13
	0.004193548
	33.5

	1
	0.85
	85
	0.15
	0.00483871
	42.5

	1.2
	1.02
	102
	0.18
	0.005806452
	51

	1.4
	1.19
	119
	0.21
	0.006774194
	59.5

	1.6
	1.36
	136
	0.24
	0.007741935
	68

	1.8
	1.54
	154
	0.26
	0.008387097
	77

	2
	1.7
	170
	0.3
	0.009677419
	85

	2.2
	1.85
	185
	0.35
	0.011290323
	92.5

	2.4
	1.95
	195
	0.45
	0.014516129
	97.5

	2.6
	2.07
	207
	0.53
	0.017096774
	103.5

	2.8
	2.18
	218
	0.62
	0.02
	109

	3
	2.24
	224
	0.76
	0.024516129
	112

	3.2
	2.33
	233
	0.87
	0.028064516
	116.5

	3.4
	2.42
	242
	0.98
	0.031612903
	121

	3.6
	2.46
	246
	1.14
	0.036774194
	123

	3.8
	2.55
	255
	1.25
	0.040322581
	127.5

	4
	2.59
	259
	1.41
	0.045483871
	129.5

	4.2
	2.63
	263
	1.57
	0.050645161
	131.5

	4.4
	2.65
	265
	1.75
	0.056451613
	132.5

	4.6
	2.68
	268
	1.92
	0.061935484
	134

	4.8
	 
	0
	4.8
	 
	0

	5
	 
	0
	5
	 
	0

	6
	 
	0
	6
	 
	0

	7
	 
	0
	7
	 
	0

	8
	 
	0
	8
	 
	0

	9
	 
	0
	9
	 
	0

	10
	 
	0
	10
	 
	0

	20
	 
	0
	20
	 
	0

	30
	 
	0
	30
	 
	0

	40
	 
	0
	40
	 
	0

	50
	 
	0
	50
	 
	0

	60
	 
	0
	60
	 
	0



[bookmark: _Toc202108522]Figure 9:Graph Displaying Stress-Strain for Aluminium

[bookmark: _Toc202108523]Figure 10:Graph Displaying Aluminium Stress-Strain for Young's Modulus Calculation
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	Duralumin

	Load Nut (mm)
	Dial Indicator (mm)
	Force (N)
	Extension (mm)
	Nominal Strain
	Stress (MPa)

	0
	0
	0
	0
	0
	0

	0.2
	0.17
	17
	0.03
	0.000967742
	8.5

	0.4
	0.36
	36
	0.04
	0.001290323
	18

	0.6
	0.55
	55
	0.05
	0.001612903
	27.5

	0.8
	0.73
	73
	0.07
	0.002258065
	36.5

	1
	0.89
	89
	0.11
	0.003548387
	44.5

	1.2
	1.05
	105
	0.15
	0.00483871
	52.5

	1.4
	1.25
	125
	0.15
	0.00483871
	62.5

	1.6
	1.41
	141
	0.19
	0.006129032
	70.5

	1.8
	1.61
	161
	0.19
	0.006129032
	80.5

	2
	1.77
	177
	0.23
	0.007419355
	88.5

	2.2
	1.95
	195
	0.25
	0.008064516
	97.5

	2.4
	2.13
	213
	0.27
	0.008709677
	106.5

	2.6
	2.29
	229
	0.31
	0.01
	114.5

	2.8
	2.47
	247
	0.33
	0.010645161
	123.5

	3
	2.66
	266
	0.34
	0.010967742
	133

	3.2
	2.84
	284
	0.36
	0.011612903
	142

	3.4
	3.01
	301
	0.39
	0.012580645
	150.5

	3.6
	3.19
	319
	0.41
	0.013225806
	159.5

	3.8
	3.36
	336
	0.44
	0.014193548
	168

	4
	3.54
	354
	0.46
	0.01483871
	177

	4.2
	3.69
	369
	0.51
	0.016451613
	184.5

	4.4
	3.85
	385
	0.55
	0.017741935
	192.5

	4.6
	4.04
	404
	0.56
	0.018064516
	202

	4.8
	4.21
	421
	0.59
	0.019032258
	210.5

	5
	4.39
	439
	0.61
	0.019677419
	219.5

	6
	4.91
	491
	1.09
	0.03516129
	245.5

	7
	5.09
	509
	1.91
	0.061612903
	254.5

	8
	 
	0
	8
	 
	0

	9
	 
	0
	9
	 
	0

	10
	 
	0
	10
	 
	0

	20
	 
	0
	20
	 
	0

	30
	 
	0
	30
	 
	0

	40
	 
	0
	40
	 
	0

	50
	 
	0
	50
	 
	0

	60
	 
	0
	60
	 
	0



[bookmark: _Toc202108524]Figure 11:Graph Displaying Stress-Strain for Duralumin

[bookmark: _Toc202108525]Figure 12:Graph Displaying Duralumin Stress-Strain for Young's Modulus Calculation
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	PVC

	Load Nut (mm)
	Dial Indicator (mm)
	Force (N)
	Extension (mm)
	Nominal Strain
	Stress (MPa)

	0
	0
	0
	0
	0
	0

	0.2
	0.06
	6
	0.14
	0.004516129
	3.157894737

	0.4
	0.11
	11
	0.29
	0.009354839
	5.789473684

	0.6
	0.16
	16
	0.44
	0.014193548
	8.421052632

	0.8
	0.22
	22
	0.58
	0.018709677
	11.57894737

	1
	0.24
	24
	0.76
	0.024516129
	12.63157895

	1.2
	0.25
	25
	0.95
	0.030645161
	13.15789474

	1.4
	0.18
	18
	1.22
	0.039354839
	9.473684211

	1.6
	0.19
	19
	1.41
	0.045483871
	10

	1.8
	0.16
	16
	1.64
	0.052903226
	8.421052632

	2
	0.15
	15
	1.85
	0.059677419
	7.894736842

	2.2
	0.15
	15
	2.05
	0.066129032
	7.894736842

	2.4
	0.15
	15
	2.25
	0.072580645
	7.894736842

	2.6
	0.14
	14
	2.46
	0.079354839
	7.368421053

	2.8
	0.13
	13
	2.67
	0.086129032
	6.842105263

	3
	0.12
	12
	2.88
	0.092903226
	6.315789474

	3.2
	0.12
	12
	3.08
	0.099354839
	6.315789474

	3.4
	0.12
	12
	3.28
	0.105806452
	6.315789474

	3.6
	0.12
	12
	3.48
	0.112258065
	6.315789474

	3.8
	0.12
	12
	3.68
	0.118709677
	6.315789474

	4
	0.12
	12
	3.88
	0.12516129
	6.315789474

	4.2
	0.12
	12
	4.08
	0.131612903
	6.315789474

	4.4
	0.14
	14
	4.26
	0.137419355
	7.368421053

	4.6
	0.12
	12
	4.48
	0.144516129
	6.315789474

	4.8
	0.2
	20
	4.6
	0.148387097
	10.52631579

	5
	0.17
	17
	4.83
	0.155806452
	8.947368421

	6
	0.18
	18
	5.82
	0.187741935
	9.473684211

	7
	0.16
	16
	6.84
	0.220645161
	8.421052632

	8
	0.15
	15
	7.85
	0.253225806
	7.894736842

	9
	0.15
	15
	8.85
	0.285483871
	7.894736842

	10
	0.15
	15
	9.85
	0.317741935
	7.894736842

	20
	0.14
	14
	19.86
	0.640645161
	7.368421053

	30
	0.13
	13
	29.87
	0.963548387
	6.842105263

	40
	0.12
	12
	39.88
	1.286451613
	6.315789474

	50
	 
	0
	50
	 
	0

	60
	 
	0
	60
	 
	0



[bookmark: _Toc202108526]Figure 13:Graph Displaying Stress-Strain for PVC

[bookmark: _Toc202108527]Figure 14:Graph Displaying PVC Stress-Strain for Young's Modulus Calculation
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The Tensile Stress for steel found in the experiment is around 280 MPa. Comparing this to other results, it seems to be on the lower end. A report by Tenstand measuring 12 different steels found that they had a tensile strength range between 301.1 MPa and 1167.8 MPa. The metal used in this experiment should have a tensile strength of around 330 MPa according to Tenstand. However, when looking at the experiment results, you can see that the experiment resulted in a tensile strength of 50 MPa lower than Testand. This could be because of the temperature on the day (Loveday, Gray, & Aegerter, 2004). A study by W. Mocko and L. Kruszka found that higher temperatures can cause a metal's tensile stress to decrease and vice versa with lower temperatures (Mocko & Kruszka, 2013). The yield strength in this experiment for steel was around 110 MPa. Comparing this again with the Tenstands results, this reading is around 120 MPa lower than it should be. This is a drastic difference and most likely isn’t the result of just one failure during the experiment, such as environmental temperature (Loveday, Gray, & Aegerter, 2004). The calculated Modulus Young result for steel was around 16779 MPa. According to BES Group, mild steel's Young's modulus should be around 200 GPA. The experiment's result was around 16.779 GPa. This is significantly lower than most steels and heavily implies that an error has occurred (BES, 2025). Again, it's likely that the temperature affected the results; however, multiple factors would’ve caused a reading to be as low as this. It's possible that there were some mistakes made when taking the readings during the experiment, which would’ve resulted in the data being so far behind. 
[bookmark: _Toc202125522]Aluminium
The tensile stress for aluminium in the experiment was around 134 MPa. Referring again to the report by Tenstand, this seems to be lower than average. They measured 5 different types of aluminium with a range of 212.3 MPa to 491.3 MPa. As it's not detailed which type of aluminium was used in the experiment, you cannot be sure which reading to reference, but overall, the result of the experiment is below all readings made by Tenstand. The yield strength recorded in the experiment was 85 MPa.  When comparing this to Tenstands results, it is still below, however, only by around 20 MPa, which is a lot more accurate than the steel readings. The Young modulus reading for aluminium was recorded at 9335.2 MPa or 9.3352 GPa. This is around 60 GPa lower than the average according to BES Group (BES, 2025). The inconsistencies in the readings could be because of the temperature on the day, as discussed above regarding the report by Mocko and Kruszka (Mocko & Kruszka, 2013). However, the size of the inconsistencies would imply that there were more issues during the experiment to cause these errors. 
[bookmark: _Toc202125523]Duralumin
The tensile stress for duralumin in the experiment was around 250 MPa. According to AZO Materials, duralumin's tensile strength should be around 450 MPa (AZO, 2013). This is below the reference reading and outside of any tolerance. The Young Modulus reading for duralumin in the experiment was 11703 MPa or 11.703 GPa. According to AZO Materials duralumin’s, Modulus should be around 73 GPa, so the experiment's reading is around 60 GPa lower than its reference (AZO, 2013). Again, this is likely to be due to the temperature on the day and possibly errors when taking readings during the experiment. 
[bookmark: _Toc202125524]PVC
The tensile strength and the yield strength reading for PVC during the experiment were 13 MPa. According to Shimadzu, PVC's tensile strength should be around 66 MPa. Therefore, the reading was again lower than the reference. The Young's modulus reading for PVC was 448 MPa or 0.448 GPa. A report by Escudier and Atkins recorded PVC's Young's modulus at 1.4 GPa (Escudier & Atkins, 2019). This recording is around 1 GPa lower than the reference and once again implies error during testing. 


[bookmark: _Toc202125525]Evaluation
During the experiment, errors were eliminated in various ways. Firstly, all materials were brought out into the environment at the same time to ensure they were all at the same temperature. the same test equipment was used for each material, including the vernier and tensile tester. All tests were conducted in the same room at the same time. Both the readings and load nut movement were done by the same people to ensure consistency. 


[bookmark: _Toc202125526]Further Work
If provided the time, some improvements could’ve been made to make the experiment more robust and accurate. Firstly, more people could’ve been involved to help with counting load nut movements, taking readings, taking measurements, and preparing specimens to ensure everything is consistent between materials. More samples of each material could’ve been used to gather more data and remove anomalies from the data when analysing it to ensure results are reliable. Digital verniers could’ve been used to reduce human error when taking measurements of specimens. A way of monitoring the materials' temperatures would’ve made the data more reliable and ensured everything was consistent and the materials were at the optimum temperature. The use of a Denison Tensile Tester would’ve improved the experiment. Using this would’ve ensured that the load nut movements were consistent, by a person doing the movement, most turns are different to one another, and it's difficult to keep each turn at the same speed. Whereas with a Denison, it would’ve ensured this was kept consistent. Also, having the machine measure the extension throughout the experiment would’ve helped with getting more reliable and accurate data. Making these improvements would’ve helped reduce the errors found in the experiment. Ensuring we had a consistent load nut movement would have meant the data would be more reliable and possibly reduced anomalies throughout the experiment. Monitoring the materials' temperatures would’ve also ensured our data was more reliable, as the readings should be closer to the reference results found. 
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