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[bookmark: _Toc202193566]1 Abstract
This report presents a comparative tensile analysis of four materials—Aluminium, Duralium, Plastic, and Steel—using data obtained from practical testing with a TecQuipment ES6 Tensile Tester. The objective was to characterize their mechanical properties by generating stress–strain curves and identifying key metrics such as Yield Stress, Ultimate Tensile Strength. Experimental data was collected by a coordinated team of 3 measuring applied load and corresponding extension through controlled Load Nut movements and Dial Indicator readings.
The calculated engineering stress and nominal strain values revealed distinct material behaviours. Steel demonstrated the highest UTS of approximately 287 MPa and clear yielding behaviour, typical of ductile metals. Aluminium and Duralium exhibited moderate strength with smooth plastic flow, while Plastic showed low tensile strength and nonlinear elastic characteristics. The stress–strain results were analysed to extract material stiffness, with Young’s Modulus evaluated from the elastic region for each case.
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This experiment was conducted to investigate and compare the mechanical properties of four engineering materials—Steel, Aluminium, Duralium, and Plastic—using tensile testing, with a focus on stress–strain behaviour, yield strength and ultimate tensile strength.
Materials Tested:
· Steel
· Aluminium
· Duralium
· Plastic
Equipment Used:
· TecQuipment ES6 Tensile Tester Kit
· Vernier callipers
Control Measures:
· Materials were tested in a controlled environment all at a temperature of 20-25˚C.
· Accurate dimensional measurements were taken of each specimen prior to engaging in the experiment. This is due to variations from manufacture that could have affected results, the specimens remained within 20% of the manufacturers stated dimensions.
[bookmark: _Toc202193569]Method Summary:
Each specimen was subjected to incremental tensile loading, and corresponding deformations were recorded using the equipped dial indicator. Force and extension data were processed to calculate engineering stress and nominal strain. These values were used to construct stress–strain curves for each material.

[image: A close up of a gauge

AI-generated content may be incorrect.][image: A close-up of a device

AI-generated content may be incorrect.]
Figure 1: ES6 Tensile tester with Aluminium test piece. (during procedure)Figure 2: Close up of Dial gauge used to measure deformation of material. (during procedure)


[bookmark: _Toc202193570]2.2 Experimental Procedure using the ES6 Tensile Tester
The tensile test was conducted using a TecQuipment ES6 Tensile Tester Kit to investigate the material properties of four different engineering materials. The experiment was performed by a three-person team, with clearly defined responsibilities to ensure consistent data capture and minimise observational error.
Team Roles
· Operator 1 – Load Controller: Applied axial force to the specimen by steadily turning the Load Nut in controlled increments.
· Operator 2 – Dial Reader: Monitored the Dial Indicator to track extension.
· Operator 3 – Data Recorder: Logged all readings into a Microsoft Excel spreadsheet to later  implement formulas to calculate stress and nominal strain.



Note: For each material tested, team roles were intentionally rotated to allow all group members to experience each task. While this provided valuable learning opportunities, it also introduced some variability in the precision of dial readings, timing, and data input. This role rotation may have contributed to slight inconsistencies in results between materials and should be considered when comparing data across samples.
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1. Initial Setup
The specimen was clamped securely between the jaws of the tensile tester. Both the Dial Indicator and the top nut were reset to zero to eliminate preload error. The cross-sectional area and original gauge length were recorded. The layout of the tensile testing apparatus is shown in Figure 3, illustrating key components such as the Load Nut, Dial Indicator, top and bottom chucks, vertical scale, and spring system.
2. Loading and Data Collection
Operator 1 applied tension incrementally by rotating the Load Nut beginning at 0.2mm increments, eventually progressing top 1mm increments if failure was not reached by 5mm of extension. At each interval, Operator 2 read the Dial Indicator (extension) aloud. Operator 3 then logged the Load Nut movement (mm) and the Dial Indicator reading (mm)
3. Continuation Until Fracture
Loading continued until the specimen exhibited signs of necking or complete fracture. All data points were captured to calculate and produce a continuous stress–strain profile.
4. Post-Test Procedure
The fractured specimen was carefully removed for inspection. Recorded data was reviewed for consistency and plotted to produce stress–strain curves identifying material properties such as yield point and ultimate tensile strength.
This structured, rotational method allowed each team member to develop familiarity with all aspects of the test while maintaining a relatively strong degree of procedural integrity.
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Aluminium displayed a smooth, continuous stress–strain response, typical of ductile non-ferrous metals. The lack of a distinct yield point and the steady increase in stress indicates stable plastic deformation. These observations are consistent with established descriptions of aluminium's mechanical behaviour (Callister & Rethwisch, 2018).
Table 1: Stress–Strain Data for Aluminium
	Material:
	Aluminium
	 
	 
	 
	 

	X:
	2.1
	Z:
	1.08
	cross sectional area (mm²) = 

	Y:
	30.6
	Y2:
	34
	 
	2.289

	Load Nut Movement (mm):
	Dial Indicator (mm):
	Force(N):
	Extension (mm):
	Stress N/mm²:
	Nominal Strain (mƐ):

	0
	0
	0
	0
	0
	0

	0.2
	0.15
	15
	0.05
	6.553079948
	0.001633987

	0.4
	0.3
	30
	0.1
	13.1061599
	0.003267974

	0.6
	0.438
	43.8
	0.162
	19.13499345
	0.005294118

	0.8
	0.6
	60
	0.2
	26.21231979
	0.006535948

	1
	0.8
	80
	0.2
	34.94975972
	0.006535948

	1.2
	0.98
	98
	0.22
	42.81345566
	0.007189542

	1.4
	1.12
	112
	0.28
	48.92966361
	0.009150327

	1.6
	1.29
	129
	0.31
	56.35648755
	0.010130719

	1.8
	1.46
	146
	0.34
	63.78331149
	0.011111111

	2
	1.63
	163
	0.37
	71.21013543
	0.012091503

	2.2
	1.8
	180
	0.4
	78.63695937
	0.013071895

	2.4
	1.9
	190
	0.5
	83.00567934
	0.016339869

	2.6
	2.03
	203
	0.57
	88.68501529
	0.018627451

	2.8
	2.12
	212
	0.68
	92.61686326
	0.022222222

	3
	2.25
	225
	0.75
	98.29619921
	0.024509804

	3.2
	2.32
	232
	0.88
	101.3543032
	0.02875817

	3.4
	2.41
	241
	0.99
	105.2861512
	0.032352941

	3.6
	2.47
	247
	1.13
	107.9073831
	0.036928105

	3.8
	2.54
	254
	1.26
	110.9654871
	0.041176471

	4
	2.61
	261
	1.39
	114.0235911
	0.045424837

	4.2
	2.655
	265.5
	1.545
	115.9895151
	0.050490196

	4.4
	2.68
	268
	1.72
	117.0816951
	0.05620915

	4.6
	2.7
	270
	1.9
	117.9554391
	0.062091503

	4.8
	2.73
	273
	2.07
	119.266055
	0.067647059



Figure 1: Stress–Strain Curve for Aluminium


[bookmark: _Toc202193573]3.2 Duralumin
The Duralumin sample demonstrated increased strength and stiffness relative to pure aluminium, with a higher yield stress and a more defined plastic region. This performance aligns with expectations for high-strength aluminium alloys used in aerospace engineering (Ashby & Jones, 2018).
Table 2: Stress–Strain Data for Duralumin
	Material:
	Duralium
	 
	 
	 
	 

	X:
	2.1
	Z:
	1.08
	cross sectional area (mm²) = 

	Y:
	31
	Y2:
	34
	 
	2.268

	Load Nut Movement (mm):
	Dial Indicator (mm):
	Force(N):
	Extension (mm):
	Stress N/mm²:
	Nominal Strain (mƐ):

	0
	0
	0
	0
	0
	0

	0.2
	0.175
	17.5
	0.025
	7.716049383
	0.000806452

	0.4
	0.345
	34.5
	0.055
	15.21164021
	0.001774194

	0.6
	0.53
	53
	0.07
	23.3686067
	0.002258065

	0.8
	0.71
	71
	0.09
	31.30511464
	0.002903226

	1
	0.9
	90
	0.1
	39.68253968
	0.003225806

	1.2
	1.08
	108
	0.12
	47.61904762
	0.003870968

	1.4
	1.26
	126
	0.14
	55.55555556
	0.004516129

	1.6
	1.45
	145
	0.15
	63.9329806
	0.00483871

	1.8
	1.63
	163
	0.17
	71.86948854
	0.005483871

	2
	1.815
	181.5
	0.185
	80.02645503
	0.005967742

	2.2
	2
	200
	0.2
	88.18342152
	0.006451613

	2.4
	2.185
	218.5
	0.215
	96.34038801
	0.006935484

	2.6
	2.368
	236.8
	0.232
	104.4091711
	0.007483871

	2.8
	2.55
	255
	0.25
	112.4338624
	0.008064516

	3
	2.73
	273
	0.27
	120.3703704
	0.008709677

	3.2
	2.91
	291
	0.29
	128.3068783
	0.009354839

	3.4
	3.095
	309.5
	0.305
	136.4638448
	0.00983871

	3.6
	3.27
	327
	0.33
	144.1798942
	0.010645161

	3.8
	3.45
	345
	0.35
	152.1164021
	0.011290323

	4
	3.63
	363
	0.37
	160.0529101
	0.011935484

	4.2
	3.81
	381
	0.39
	167.989418
	0.012580645

	4.4
	3.985
	398.5
	0.415
	175.7054674
	0.013387097

	4.6
	4.155
	415.5
	0.445
	183.2010582
	0.014354839

	4.8
	4.33
	433
	0.47
	190.9171076
	0.01516129

	5
	3.475
	347.5
	1.525
	153.2186949
	0.049193548

	6
	4.22
	422
	1.78
	186.0670194
	0.057419355

	7
	5.08
	508
	1.92
	223.9858907
	0.061935484



Figure 2: Stress–Strain Curve for Duralumin

Based on the information gathered Duralium youngs modulus 

[bookmark: _Toc202193574]3.3 Plastic
The stress–strain profile of the plastic sample was irregular, with little evidence of linear elastic behaviour. This response is typical for polymers, which often exhibit nonlinear and time-dependent deformation due to viscoelastic effects (Strong, 2006). Due to this I believe it may have been a result of human inaccuracies in recordings and the rapid degradation of the material during testing. It was observed that the dial readings changed rapidly stretching then returning to a low load force on the dial indicator. 
Table 3: Stress–Strain Data for Plastic
	Material:
	Plastic
	 
	 
	 
	 

	X:
	1.88
	Z:
	1
	cross sectional area (mm²) = 

	Y:
	31.21
	Y2:
	62
	 
	1.88

	Load Nut Movement (mm):
	Dial Indicator (mm):
	Force(N):
	Extension (mm):
	Stress N/mm²:
	Nominal Strain (kƐ):

	0
	0
	0
	0
	0
	0

	0.2
	0.065
	6.5
	0.135
	3.457446809
	0.004325537

	0.4
	0.115
	11.5
	0.285
	6.117021277
	0.009131689

	0.6
	0.16
	16
	0.44
	8.510638298
	0.014098045

	0.8
	0.01
	1
	0.79
	0.531914894
	0.0253124

	1
	0.05
	5
	0.95
	2.659574468
	0.030438962

	1.2
	0.07
	7
	1.13
	3.723404255
	0.036206344

	1.4
	0.05
	5
	1.35
	2.659574468
	0.043255367

	1.6
	0.04
	4
	1.56
	2.127659574
	0.049983979

	1.8
	0.06
	6
	1.74
	3.191489362
	0.055751362

	2
	0.065
	6.5
	1.935
	3.457446809
	0.061999359

	2.2
	0.06
	6
	2.14
	3.191489362
	0.068567767

	2.4
	0.05
	5
	2.35
	2.659574468
	0.075296379

	2.6
	0.06
	6
	2.54
	3.191489362
	0.081384172

	2.8
	0.08
	8
	2.72
	4.255319149
	0.087151554

	3
	0.06
	6
	2.94
	3.191489362
	0.094200577

	3.2
	0.05
	5
	3.15
	2.659574468
	0.100929189

	3.4
	0.06
	6
	3.34
	3.191489362
	0.107016982

	3.6
	0.05
	5
	3.55
	2.659574468
	0.113745594

	3.8
	0.06
	6
	3.74
	3.191489362
	0.119833387

	4
	0.06
	6
	3.94
	3.191489362
	0.126241589

	4.2
	0.05
	5
	4.15
	2.659574468
	0.132970202

	4.4
	0.05
	5
	4.35
	2.659574468
	0.139378404

	4.6
	0.05
	5
	4.55
	2.659574468
	0.145786607

	4.8
	0.05
	5
	4.75
	2.659574468
	0.152194809

	5
	0.06
	6
	4.94
	3.191489362
	0.158282602

	6
	0.06
	6
	5.94
	3.191489362
	0.190323614

	7
	0.05
	5
	6.95
	2.659574468
	0.222685037

	8
	0.05
	5
	7.95
	2.659574468
	0.254726049

	9
	0.03
	3
	8.97
	1.595744681
	0.287407882

	10
	0.04
	4
	9.96
	2.127659574
	0.319128484

	20
	0.04
	4
	19.96
	2.127659574
	0.639538609

	30
	0.06
	6
	29.94
	3.191489362
	0.959307914

	42
	0.05
	5
	41.95
	2.659574468
	1.344120474



Figure 3: Stress–Strain Curve for Plastic

[bookmark: _Toc202193575]3.4 Steel
Steel exhibited a clear yield point followed by strain hardening, along with high strength and ductility. These characteristics are in agreement with the typical response of low-carbon steels under tensile loading (Budinski & Budinski, 2010).
Table 4: Stress–Strain Data for Steel
	Material:
	Steel 
	 
	 
	 
	 

	X:
	2.1
	Z:
	0.9
	cross sectional area (mm²) = 

	Y:
	30.6
	Y2
	39
	 
	1.89

	Load Nut Movement (mm):
	Dial Indicator (mm):
	Force(N):
	Extension (mm):
	Stress N/mm²:
	Nominal Strain (mƐ):

	0
	0
	0
	0
	0
	0

	0.2
	0.15
	15
	0.05
	7.936507937
	0.001633987

	0.4
	0.32
	32
	0.08
	16.93121693
	0.002614379

	0.6
	0.5
	50
	0.1
	26.45502646
	0.003267974

	0.8
	0.69
	69
	0.11
	36.50793651
	0.003594771

	1
	0.88
	88
	0.12
	46.56084656
	0.003921569

	1.2
	1.06
	106
	0.14
	56.08465608
	0.004575163

	1.4
	1.25
	125
	0.15
	66.13756614
	0.004901961

	1.6
	1.425
	142.5
	0.175
	75.3968254
	0.005718954

	1.8
	1.6
	160
	0.2
	84.65608466
	0.006535948

	2
	1.77
	177
	0.23
	93.65079365
	0.00751634

	2.2
	1.95
	195
	0.25
	103.1746032
	0.008169935

	2.4
	2.13
	213
	0.27
	112.6984127
	0.008823529

	2.6
	2.31
	231
	0.29
	122.2222222
	0.009477124

	2.8
	2.48
	248
	0.32
	131.2169312
	0.010457516

	3
	2.65
	265
	0.35
	140.2116402
	0.011437908

	3.2
	2.82
	282
	0.38
	149.2063492
	0.012418301

	3.4
	2.99
	299
	0.41
	158.2010582
	0.013398693

	3.6
	3.15
	315
	0.45
	166.6666667
	0.014705882

	3.8
	3.26
	326
	0.54
	172.4867725
	0.017647059

	4
	3.4
	340
	0.6
	179.8941799
	0.019607843

	4.2
	3.52
	352
	0.68
	186.2433862
	0.022222222

	4.4
	3.64
	364
	0.76
	192.5925926
	0.024836601

	4.6
	3.75
	375
	0.85
	198.4126984
	0.027777778

	4.8
	3.87
	387
	0.93
	204.7619048
	0.030392157

	5
	3.98
	398
	1.02
	210.5820106
	0.033333333

	6
	4.53
	453
	1.47
	239.6825397
	0.048039216

	7
	4.98
	498
	2.02
	263.4920635
	0.066013072

	8
	5.15
	515
	2.85
	272.4867725
	0.093137255

	9
	5.32
	532
	3.68
	281.4814815
	0.120261438

	10
	5.43
	543
	4.57
	287.3015873
	0.149346405

	13
	8.54
	854
	4.46
	451.8518519
	0.145751634



Figure 4: Stress–Strain Curve for Steel



4. Conclusion
Aluminium recorded an approximate modulus of 750 MPa, significantly lower than the widely accepted range of 69–70 GPa (Engineering Toolbox, 2024), likely due to early yielding or limited measurement resolution. Duralumin presented a slightly higher stiffness of approximately 925 MPa, which remains far below the typical value of around 73 GPa for comparable aluminium alloys (TrueGeometry, 2024). The plastic specimen exhibited a markedly lower modulus of around 250 MPa, reflecting the expected viscoelastic behaviour and aligning well with pubulished ranges for polymers (Matmake, 2024). Steel, while theoretically expected to exhibit a modulus near 200–210 GPa (Amesweb, 2024), returned a value of only 875 MPa, suggesting the most elastic segment may not have been fully resolved in the collected data.
Although the magnitudes were underestimated across all materials, the relative stiffness trends were in agreement with theoretical expectations. These results underscore the importance of high-resolution instrumentation and careful data selection when determining mechanical properties and reinforce the value of comparative analysis when interpreting experimental deviations.

5.Evaluation
To try and ensure unbiased and accurate test results;
· Specimens were stored at a controlled room temperature between 20-25 degrees.
· Specimens were measured for cross sectional area and length prior to testing to ensure accuracy in calculations. 
· The equipment was zeroed after each test to prepare for the next.
· Each specimen was fitted into the jaws of the tester in the same orientation to ensure equal contact area within the chucks allowing for a more even distribution of force.
Although the experiment was conducted as accurately as reasonably practicable. There was a number of areas that could be improved upon to ensure greater accuracy. 
· Roles could have been fixed through the duration of the experiment to reduce bias variables. Furthermore, a more accurate machine could be used to conduct the experiment using a computer guided system to apply pressure and take accurate digital readings. Ensuring greater accuracy through tests. 
· Tests may be repeated to check results and ensure no anomaly results and increase the dataset. 
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Stress-Strain Curve for Duralium
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Stress N/mm²



Stress-Strain Curve for Plastic

0	4.3255366869593085E-3	9.1316885613585402E-3	1.4098045498237743E-2	2.531239987183595E-2	3.0438961871195127E-2	3.6206344120474201E-2	4.3255366869593075E-2	4.9983979493752002E-2	5.575136174303108E-2	6.199935917975008E-2	6.8567766741429031E-2	7.5296379365587959E-2	8.1384171739826983E-2	8.715155398910604E-2	9.420057673822492E-2	0.10092918936238386	0.10701698173662287	0.11374559436078181	0.11983338673502082	0.1262415892342198	0.13297020185837874	0.1393784043575777	0.14578660685677666	0.15219480935597565	0.15828260173021469	0.19032361422620955	0.22268503684716437	0.25472604934315923	0.28740788208907403	0.31912848446010894	0.63953860942005769	0.95930791413008654	1.344120474206985	0	3.4574468085106385	6.1170212765957448	8.5106382978723403	0.53191489361702127	2.6595744680851063	3.7234042553191498	2.6595744680851063	2.1276595744680851	3.191489361702128	3.4574468085106385	3.191489361702128	2.6595744680851063	3.191489361702128	4.2553191489361701	3.191489361702128	2.6595744680851063	3.191489361702128	2.6595744680851063	3.191489361702128	3.191489361702128	2.6595744680851063	2.6595744680851063	2.6595744680851063	2.6595744680851063	3.191489361702128	3.191489361702128	2.6595744680851063	2.6595744680851063	1.595744680851064	2.1276595744680851	2.1276595744680851	3.191489361702128	2.6595744680851063	Nominal Strain (mƐ)


Stress N/mm²



Stress-Strain Curve for Steel

0	1.6339869281045756E-3	2.6143790849673205E-3	3.2679738562091496E-3	3.5947712418300682E-3	3.9215686274509803E-3	4.5751633986928072E-3	4.901960784313722E-3	5.7189542483660144E-3	6.5359477124182991E-3	7.5163398692810451E-3	8.1699346405228832E-3	8.8235294117647058E-3	9.477124183006537E-3	1.0457516339869275E-2	1.1437908496732029E-2	1.2418300653594781E-2	1.3398692810457505E-2	1.4705882352941181E-2	1.7647058823529412E-2	1.9607843137254905E-2	2.2222222222222227E-2	2.4836601307189548E-2	2.7777777777777766E-2	3.0392156862745087E-2	3.3333333333333333E-2	4.8039215686274499E-2	6.6013071895424824E-2	9.3137254901960773E-2	0.12026143790849672	0.14934640522875817	0.14575163398692811	0	7.9365079365079367	16.931216931216934	26.455026455026456	36.507936507936513	46.560846560846564	56.084656084656089	66.137566137566139	75.396825396825406	84.656084656084658	93.650793650793659	103.17460317460318	112.69841269841271	122.22222222222223	131.21693121693121	140.21164021164023	149.20634920634922	158.2010582010582	166.66666666666669	172.48677248677251	179.8941798941799	186.24338624338625	192.59259259259261	198.41269841269843	204.76190476190476	210.58201058201058	239.6825396825397	263.49206349206355	272.48677248677251	281.48148148148152	287.30158730158729	451.85185185185179	Nominal Strain (mƐ)


Stress N/mm²
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