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1. Introduction.
The aim of this assignment is to successfully conduct an experiment to analyze the properties of different materials under tensile load. The materials motorcycle engineers use varies depending on the function of the part they are making, therefore, the specimens used in this experiment are four commonly used materials in the motorcycle and automotive industry and are tested to destruction. The conclusion draws attention to the similarities and differences between the materials and references other reports with similar results to validate the experiment.


2. Experimental procedure

2.1  procedure
First, each specimen must be measured using a caliper to find its initial length (needed in stress, % elongation and extension calculations) and its cross sectional area (stress calculation). Only measure the thin and uniform part of the specimen, known as the gauge length, as the wider ends are secured in the chucks and will not be under tensile load.         
   load nut
top chuck
dial indicator
springs
bottom chuck
tensile tester.
specimen

The specimens are pre stamped to fit into the tester and should be secured into the top and bottom chuck using two allen head bolts. The load nut may need adjusting for the chucks to be the right distance apart for the specimen. Once the specimens are secure refit the safety guard, turn the load nut until the needle of the dial gauge just begins to move and zero the dial gauge



The load nut thread has a pitch of 1mm meaning one full turn of the nut pulls the top chuck up by 1mm and extends the specimen and springs by 1mm collectively. Around increments giving 0.1mm per increment. The load nut movement should be recorded as this movement and not as the number of turns.                             
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When the load nut is turned it exerts tensile load on the springs through the specimen. The springs have a combined rate of 100Nm and their extension is measured by the dial gauge. The load nut was turned in increasingly larger increments until the tensile limit of the specimen was reached. After each incremental turn the spring extension and the total movement of the load nut was recorded. After the specimen has reached its tensile limit (snapped) the fractured ends should be carefully pushed together to measure the final length of the gauge length to give its overall extension.
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2.2   formulas
The load nut increments show the extension of the springs and specimen together. Therefore, the specimen’s extension at any given load is the difference between the load nut movement and the springs extension (indicated by the dial gauge).  Extension = load nut movement – dial indicator reading.                      
 The % elongation of the specimen = ((final length-initial length) / initial length) x 100
The springs obey hookes law and exert force on the bottom chuck. Therefore, the tensile force exerted on the specimen is F = kx = spring rate (Nm)x spring extension (m). 
Stress (Nm^2 ) = force (N)/ area acted on by the force (m^2)                                                                               For stress in MPa x 10^-6 
Nominal strain = extension / initial length         (of the gauge length only)
Young’s modulus = stress/strain for the elastic region.

 




3. Results: raw data collected during the experiment          
                                               
      Dial indicator movement (spring extension mm) for specimens                                                     
	load nut movement (mm)
	steel
	aluminium
	duralumin
	PVC

	0
	0
	0
	0
	0

	0.2
	0.17
	0.16
	0.17
	0.09

	0.4
	0.35
	0.35
	0.35
	0.13

	0.6
	0.54
	0.53
	0.54
	0.19

	0.8
	0.73
	0.71
	0.72
	0.24

	1
	0.91
	0.89
	0.91
	0.26

	1.2
	1.11
	1.08
	1.09
	0.25

	1.4
	1.29
	1.26
	1.27
	0.16

	1.6
	1.48
	1.44
	1.45
	0.14

	1.8
	1.64
	1.7
	1.63
	0.18

	2
	1.84
	1.86
	1.82
	0.18

	2.2
	2.02
	2.02
	2
	0.17

	2.4
	2.22
	2.15
	2.18
	0.16

	2.6
	2.39
	2.25
	2.36
	0.16

	2.8
	2.56
	2.34
	2.54
	0.16

	3
	2.75
	2.42
	2.72
	0.17

	3.2
	2.91
	2.51
	2.89
	0.17

	3.4
	3.09
	2.68
	3.06
	0.16

	3.6
	3.21
	2.61
	3.24
	0.16

	3.8
	3.35
	2.7
	3.41
	0.16

	4
	3.48
	2.71
	3.57
	0.17

	4.2
	3.62
	2.76
	3.72
	0.17

	4.4
	3.75
	2.77
	3.89
	0.15

	4.6
	3.86
	2.8
	4.07
	0.16

	4.8
	3.98
	2.78
	4.23
	0.17

	5
	4.09
	
	4.41
	0.16

	6
	4.54
	
	4.95
	0.22

	7
	4.84
	
	5.27
	0.22

	8
	5.14
	
	5.3
	0.2

	9
	5.28
	
	
	0.19

	10
	5.38
	
	
	0.18



	
	steel
	aluminium
	duralumin
	PVC

	Initial length (mm)
	30.9
	30.9
	30.9
	30.6

	Final length
(mm)
	38.7
	33.7
	33.2
	43

	Cross sectional area.
(m^2)

	1.8 x10^-6
	1.71 x10^-6
	1.9 x10^-6
	1.9 x10^-6







4. Analysis
Steel:
	 load nut movement / mm
	dial indicator / mm
	force / N
	extension / mm
	stress / N/m2
	stress / MPa 
	nominal strain 

	0
	0
	0
	0
	0
	0
	0

	0.2
	0.17
	17
	0.03
	9444444.444
	9.444444444
	0.000970874

	0.4
	0.35
	35
	0.05
	19444444.44
	19.44444444
	0.001618123

	0.6
	0.54
	54
	0.06
	30000000
	30
	0.001941748

	0.8
	0.73
	73
	0.07
	40555555.56
	40.55555556
	0.002265372

	1
	0.91
	91
	0.09
	50555555.56
	50.55555556
	0.002912621

	1.2
	1.11
	111
	0.09
	61666666.67
	61.66666667
	0.002912621

	1.4
	1.29
	129
	0.11
	71666666.67
	71.66666667
	0.003559871

	1.6
	1.48
	148
	0.12
	82222222.22
	82.22222222
	0.003883495

	1.8
	1.64
	164
	0.16
	91111111.11
	91.11111111
	0.005177994

	2
	1.84
	184
	0.16
	102222222.2
	102.2222222
	0.005177994

	2.2
	2.02
	202
	0.18
	112222222.2
	112.2222222
	0.005825243

	2.4
	2.22
	222
	0.18
	123333333.3
	123.3333333
	0.005825243

	2.6
	2.39
	239
	0.21
	132777777.8
	132.7777778
	0.006796117

	2.8
	2.56
	256
	0.24
	142222222.2
	142.2222222
	0.00776699

	3
	2.75
	275
	0.25
	152777777.8
	152.7777778
	0.008090615

	3.2
	2.91
	291
	0.29
	161666666.7
	161.6666667
	0.009385113

	3.4
	3.09
	309
	0.31
	171666666.7
	171.6666667
	0.010032362

	3.6
	3.21
	321
	0.39
	178333333.3
	178.3333333
	0.012621359

	3.8
	3.35
	335
	0.45
	186111111.1
	186.1111111
	0.014563107

	4
	3.48
	348
	0.52
	193333333.3
	193.3333333
	0.016828479

	4.2
	3.62
	362
	0.58
	201111111.1
	201.1111111
	0.018770227

	4.4
	3.75
	375
	0.65
	208333333.3
	208.3333333
	0.021035599

	4.6
	3.86
	386
	0.74
	214444444.4
	214.4444444
	0.02394822

	4.8
	3.98
	398
	0.82
	221111111.1
	221.1111111
	0.026537217

	5
	4.09
	409
	0.91
	227222222.2
	227.2222222
	0.029449838

	6
	4.54
	454
	1.46
	252222222.2
	252.2222222
	0.047249191

	7
	4.84
	484
	2.16
	268888888.9
	268.8888889
	0.069902913

	8
	5.14
	514
	2.86
	285555555.6
	285.5555556
	0.092556634

	9
	5.28
	528
	3.72
	293333333.3
	293.3333333
	0.12038835

	10
	5.38
	538
	4.62
	298888888.9
	298.8888889
	0.149514563


plastic region
elastic region
tensile strength
yield stress

	Tensile strength MPa
	298.89 

	Yield stress MPa
	172.67 

	% elongation
	25.24 

	Young’s modulus E
	17166



Aluminium:

	load nut movement / mm
	dial indicator / mm
	force / N
	extension / mm
	stress / N/m2
	nominal strain 
	stress / MPa

	0
	0
	0
	0
	0
	0
	0

	0.2
	0.16
	16
	0.04
	9356725.146
	0.001294498
	9.356725146

	0.4
	0.35
	35
	0.05
	20467836.26
	0.001618123
	20.46783626

	0.6
	0.53
	53
	0.07
	30994152.05
	0.002265372
	30.99415205

	0.8
	0.71
	71
	0.09
	41520467.84
	0.002912621
	41.52046784

	1
	0.89
	89
	0.11
	52046783.63
	0.003559871
	52.04678363

	1.2
	1.08
	108
	0.12
	63157894.74
	0.003883495
	63.15789474

	1.4
	1.26
	126
	0.14
	73684210.53
	0.004530744
	73.68421053

	1.6
	1.44
	144
	0.16
	84210526.32
	0.005177994
	84.21052632

	1.8
	1.7
	170
	0.1
	99415204.68
	0.003236246
	99.41520468

	2
	1.86
	186
	0.14
	108771929.8
	0.004530744
	108.7719298

	2.2
	2.02
	202
	0.18
	118128655
	0.005825243
	118.128655

	2.4
	2.15
	215
	0.25
	125730994.2
	0.008090615
	125.7309942

	2.6
	2.25
	225
	0.35
	131578947.4
	0.011326861
	131.5789474

	2.8
	2.34
	234
	0.46
	136842105.3
	0.014886731
	136.8421053

	3
	2.42
	242
	0.58
	141520467.8
	0.018770227
	141.5204678

	3.2
	2.51
	251
	0.69
	146783625.7
	0.022330097
	146.7836257

	3.4
	2.68
	268
	0.72
	156725146.2
	0.023300971
	156.7251462

	3.6
	2.61
	261
	0.99
	152631578.9
	0.032038835
	152.6315789

	3.8
	2.7
	270
	1.1
	157894736.8
	0.035598706
	157.8947368

	4
	2.71
	271
	1.29
	158479532.2
	0.041747573
	158.4795322

	4.2
	2.76
	276
	1.44
	161403508.8
	0.046601942
	161.4035088

	4.4
	2.77
	277
	1.63
	161988304.1
	0.052750809
	161.9883041

	4.6
	2.8
	280
	1.8
	163742690.1
	0.058252427
	163.7426901

	4.8
	2.78
	278
	2.02
	162573099.4
	0.065372168
	162.5730994




elastic region
plastic region
yield stress
tensile strength

	Tensile strength MPa
	163.74 

	Yield stress MPa
	99.42

	% elongation
	9.06 

	Young’s modulus E
	31062




Duralumin:

	load nut movement / mm
	dial indicator / mm
	force / N
	extension / mm
	stress / N/m2
	nominal strain
	stress / MPa

	0
	0
	0
	0
	0
	0
	0

	0.2
	0.17
	17
	0.03
	8947368.421
	0.000970874
	8.947368421

	0.4
	0.35
	35
	0.05
	18421052.63
	0.001618123
	18.42105263

	0.6
	0.54
	54
	0.06
	28421052.63
	0.001941748
	28.42105263

	0.8
	0.72
	72
	0.08
	37894736.84
	0.002588997
	37.89473684

	1
	0.91
	91
	0.09
	47894736.84
	0.002912621
	47.89473684

	1.2
	1.09
	109
	0.11
	57368421.05
	0.003559871
	57.36842105

	1.4
	1.27
	127
	0.13
	66842105.26
	0.00420712
	66.84210526

	1.6
	1.45
	145
	0.15
	76315789.47
	0.004854369
	76.31578947

	1.8
	1.63
	163
	0.17
	85789473.68
	0.005501618
	85.78947368

	2
	1.82
	182
	0.18
	95789473.68
	0.005825243
	95.78947368

	2.2
	2
	200
	0.2
	105263157.9
	0.006472492
	105.2631579

	2.4
	2.18
	218
	0.22
	114736842.1
	0.007119741
	114.7368421

	2.6
	2.36
	236
	0.24
	124210526.3
	0.00776699
	124.2105263

	2.8
	2.54
	254
	0.26
	133684210.5
	0.008414239
	133.6842105

	3
	2.72
	272
	0.28
	143157894.7
	0.009061489
	143.1578947

	3.2
	2.89
	289
	0.31
	152105263.2
	0.010032362
	152.1052632

	3.4
	3.06
	306
	0.34
	161052631.6
	0.011003236
	161.0526316

	3.6
	3.24
	324
	0.36
	170526315.8
	0.011650485
	170.5263158

	3.8
	3.41
	341
	0.39
	179473684.2
	0.012621359
	179.4736842

	4
	3.57
	357
	0.43
	187894736.8
	0.013915858
	187.8947368

	4.2
	3.72
	372
	0.48
	195789473.7
	0.015533981
	195.7894737

	4.4
	3.89
	389
	0.51
	204736842.1
	0.016504854
	204.7368421

	4.6
	4.07
	407
	0.53
	214210526.3
	0.017152104
	214.2105263

	4.8
	4.23
	423
	0.57
	222631578.9
	0.018446602
	222.6315789

	5
	4.41
	441
	0.59
	232105263.2
	0.019093851
	232.1052632

	6
	4.95
	495
	1.05
	260526315.8
	0.033980583
	260.5263158

	7
	5.27
	527
	1.73
	277368421.1
	0.055987055
	277.3684211

	8
	5.3
	530
	2.7
	278947368.4
	0.087378641
	278.9473684




elastic region
plastic region
tensile strength
yield stress

	Tensile strength MPa
	278.95 

	Yield stress MPa
	232.11 

	% elongation
	7.44

	Young’s modulus E
	12216



PVC:

	load nut movement / mm
	dial indicator / mm
	force / N
	extension / mm
	stress / N/mm2
	stress / MPa
	nominal strain

	0
	0
	0
	0
	0
	0
	0

	0.2
	0.09
	9
	0.11
	4736842.105
	4.736842105
	0.003594771

	0.4
	0.13
	13
	0.27
	6842105.263
	6.842105263
	0.008823529

	0.6
	0.19
	19
	0.41
	10000000
	10
	0.013398693

	0.8
	0.24
	24
	0.56
	12631578.95
	12.63157895
	0.018300654

	1
	0.26
	26
	0.74
	13684210.53
	13.68421053
	0.024183007

	1.2
	0.25
	25
	0.95
	13157894.74
	13.15789474
	0.031045752

	1.4
	0.16
	16
	1.24
	8421052.632
	8.421052632
	0.040522876

	1.6
	0.14
	14
	1.46
	7368421.053
	7.368421053
	0.047712418

	1.8
	0.18
	18
	1.62
	9473684.211
	9.473684211
	0.052941176

	2
	0.18
	18
	1.82
	9473684.211
	9.473684211
	0.059477124

	2.2
	0.17
	17
	2.03
	8947368.421
	8.947368421
	0.066339869

	2.4
	0.16
	16
	2.24
	8421052.632
	8.421052632
	0.073202614

	2.6
	0.16
	16
	2.44
	8421052.632
	8.421052632
	0.079738562

	2.8
	0.16
	16
	2.64
	8421052.632
	8.421052632
	0.08627451

	3
	0.17
	17
	2.83
	8947368.421
	8.947368421
	0.09248366

	3.2
	0.17
	17
	3.03
	8947368.421
	8.947368421
	0.099019608

	3.4
	0.16
	16
	3.24
	8421052.632
	8.421052632
	0.105882353

	3.6
	0.16
	16
	3.44
	8421052.632
	8.421052632
	0.112418301

	3.8
	0.16
	16
	3.64
	8421052.632
	8.421052632
	0.118954248

	4
	0.17
	17
	3.83
	8947368.421
	8.947368421
	0.125163399

	4.2
	0.17
	17
	4.03
	8947368.421
	8.947368421
	0.131699346

	4.4
	0.15
	15
	4.25
	7894736.842
	7.894736842
	0.138888889

	4.6
	0.16
	16
	4.44
	8421052.632
	8.421052632
	0.145098039

	4.8
	0.17
	17
	4.63
	8947368.421
	8.947368421
	0.15130719

	5
	0.16
	16
	4.84
	8421052.632
	8.421052632
	0.158169935

	6
	0.22
	22
	5.78
	11578947.37
	11.57894737
	0.188888889

	7
	0.22
	22
	6.78
	11578947.37
	11.57894737
	0.221568627

	8
	0.2
	20
	7.8
	10526315.79
	10.52631579
	0.254901961

	9
	0.19
	19
	8.81
	10000000
	10
	0.287908497

	10
	0.18
	18
	9.82
	9473684.211
	9.473684211
	0.320915033



yield point and maximum tensile stress
elastic region
plastic region



	Tensile strength MPa
	13.68 

	Yield stress MPa
	13.68

	% elongation
	40.52

	Young’s modulus E
	570





5. Conclusion:
Steel has the highest tensile strength of the four specimens (298.89 MPa) and can withstand the most additional stress (127 MPa) while in its plastic deformation region after the yield point of 172.67 MPa. Steel is also ductile, with a elongation of 25.24%. All researched values for tensile strength and yield stress are taken from Cambridge university engineering department’s materials data book, 2003. The researched tensile strength value for low carbon steel is 345-580 MPa and its yield point is 250-395 MPa.
The researched yield point and tensile strength for aluminium are 280-324 MPa and 290-365 MPa respectively. The specimen in this experiment had a yield stress of 94.42 MPa and tensile strength of 167.74 MPa. Aluminium was the stiffest with a young’s modulus of 31062 but was also relatively brittle as it only elongated 9.06%.
The duralumin specimen is the only one where the tested values coincide with the researched values. The researched values give a very wide range: 30-500 MPa yield point and 100-550 MPa tensile strength. This is probably because it is an alloy that can be made with varying percentages of aluminium and copper and so the strength also varies. This experiment found that duralumin has the highest yield stress of the four specimens (232.11 MPa) but very quickly reaches its tensile limit (278.95 MPa) after the yield point making it the most brittle with elongation of 7.44%
After PVC reaches its yield stress it undergoes plastic deformation very easily. This made PVC the most difficult to test and so the results are the least reliable. In the experiment, the specimen reached its maximum tensile strength at its yield stress of 13.68 MPa after which it lost strength and deformed rapidly. The researched tensile strength is  40.7-65.1 MPa and the yield stress is 35.4-52.1 MPa. PVC has a Young’s modulus of only 570 but a percentage elongation of 40.52%. This makes it the least stiff but most ductile specimen.


6. Evaluation:
 During the experiment errors were eliminated as much as possible. Firstly, the load nut had to be tightened until the specimen was just beginning to be under load so there was no slack. Not doing this will lead to incorrect readings as the load nut would not be applying tensile load on the specimen for some of its first turn. After each incremental turn of the load nut the dial indicator reading needs to be taken quickly. This is because the specimen will extend slightly under the new load, the springs will compress and the dial indicator reading will be incorrect, giving an incorrect strain value. The load nut also needs to be turned quickly to minimize the extension of the specimen whilst the load is being increased, again, giving an incorrect dial indicator reading. The load nut must also be turned smoothly to avoid fatiguing the specimen with sudden increases of load which may cause the specimen to reach its tensile limit prematurely.
All measuring equipment was accurate and was zeroed before testing each specimen.



7. further work
An easy way to make this experiment better would be to put a longer bar through the load nut. This increased moment at the load nut would give better control to ensure smoother loading of the specimens and decreasing fatigue.
To get the most accurate results a more advanced tensile tester could be used. Ideally, it would apply increased load linearly without stopping until the tensile limit is reached (possibly using hydraulic pressure). The dial indicator reading and load movement could be taken by a data logger and a much more accurate stress/strain could be plotted graph plotted. Another problem with the current tensile tester is that the extension of the specimen is calculated as the difference between the load nut movement and the springs deflection. This means that any movement or flex of the tensile tester under load is not removed from the calculation and the strain value will be inaccurate. A device called an extensometer could be used to get an accurate reading for the extension of the specimen alone. It attaches to the gauge length and measures this length only.
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