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[bookmark: _Toc302864535]Introduction
This report will cover tensile testing and how they use it to better understand materials and their properties. Carrying out a tensile test safely as well as being accurate is very important, which is why this report will also cover some ways of making a test more accurate. Finally, the report will look at results from a tensile test carried out by students and compare with researched results to see how accurate the test was.










[bookmark: _Toc1362465827]Experimental procedure
To carry out a tensile test, a tensile testing machine is used like the one in figure 1. This machine is used to pull apart two ends of a material slowly until the material eventually breaks, the information gathered from this can then be used to calculate the tensile strength of the material along with many other sets of information.
To prepare for a test, a material needs to be selected such as the ones in figure 2, which are mild steel, aluminium, duralumin, and PVC. These materials have holes on either end so that they can be securely inserted into the top and bottom chuck using an Allen key. It is very important that this is done tightly to stop the material from flying out of the chuck. A screen is then placed over the machine to protect the operator in case of flying material or parts. Next, the machine is tightened using the load nut which takes the slack away from the material. The load nut has a screw that runs through the centre all the way to the top chuck so that as the load nut is turned, the top chuck is brought up or down to pull the material apart. Finally, a DTI is used to measure the experiment, taking a reading of deflection in the springs in mm. The DTI attached to the machine is then set to zero which makes the machine ready for testing.
Once the machine is setup correctly, one person is responsible for tightening the load nut bit by bit, stretching the materials, whilst another person watches the DTI to see how the values change after each turn. A measurement is taken for each predetermined load nut value until the material breaks such as the one in Figure 3. It is important that the initial length and final length of the material are measured as well as the height and width of the cross-sectional area, as this is needed to calculate important information.
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Figure 1: Tensile testing machine        Figure 2: Tested materials       Figure 3: broken material after testing







[bookmark: _Toc120579585]Results
When carrying out a tensile test, measurements must be taken of the different material samples to allow calculations to be completed at a later stage. To measure the material, a vernier calliper should be used to ensure the accuracy of the measurements as it can drastically change the figures calculated. Additionally, the dial indicator readings need to be recorded. When the material is being stretched, the dial indicator will start to rotate, showing a value which is in mm and 1 full turn is equal to 1mm. Finally, load nut movement needs to be measured. To measure load nut movement, there are grooves on top of the machine which are in increments of 0.1mm, there are 10 grooves so 1 full turn is equal to 1mm. A group of students had carried out a tensile test and used tables to fill in their results quickly, see figure 4-7.
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Figure 4: Steel raw data
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Figure 5: Aluminium raw data
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Figure 6: Duralumin raw data
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Figure 7: PVC raw data






[bookmark: _Toc392823148]Analysis
After collecting data such as, dial indicator readings and material sizes, during a tensile test. That data can then be used to calculate a variety of useful information such as the force on the material, extension, stress, nominal strain, tensile strength, yield stress, % elongation, and the modulus of elasticity. To calculate all these properties, see figure 8. 
	Property
	Formula
	Source

	Force
	Dial indicator readings x 100
	(TecQuipment, 2012)


	Extension
	Load nut movement – dial indicator readings
	(TecQuipment, 2012)

	Cross–sectional area 
	Height x width
	(Beck, 2020)

	Stress
	Force / Area
	(Steven, 2023) 

	Nominal strain
	Change in length / Original length
	(Sun and Li, 2018)

	Tensile strength
	Force required to break material / cross-sectional area
	(byjus, 2019)

	Yield stress
	The point on a stress-strain curve where the stress stops increasing linearly.
	(Study.com, 2022)

	% Elongation
	(Final length- original length / original length) x 100
	(Xometry, 2023)

	Modulus of elasticity
	Change in stress / change in strain
	(Instron, 2024)


Figure 8: Calculation table 
The students that carried out a tensile test had then used their information to calculate every property included in figure 8. They then inserted it into an excel spreadsheet, creating a graph to properly visualise a stress-strain curve for each material, see figure 9-12. This data shows a clear change from the elastic region and then transitioning into the plastic region of the materials. The elastic region is a range where the material can go back to its original size, anything further than the elastic limit, the material can no longer go back to its original size and is referred to as the plastic region (Sciencedirect, n.d.). For example, Steel stays within its elastic region until around 127.5 and then transitions into its plastic region, see figure 9.
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Figure 9: steel calculated results table 
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Figure: 10 Aluminium Calculated results table 
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Figure 11: Duralumin calculated results table
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Figure 12: PVC calculated results table 
[bookmark: _Toc1086770742]Conclusion
The accuracy of tensile tests can vary drastically, so it's very important to compare results with results that are found online to see how accurate the test was. For example, the test that was carried out by the students shows that Steel has a tensile stress of 259 MN/m^2 and researched results show 400 MN/M^2 which means the results were 141 MN/m^2 short of the accurate results. The tested yield stress shows 127.5 MN/m^2 for steel, see figure 9, and researched results show 250 MN/m^2 which is almost double the tested results (The Engineering ToolBox, 2003). 
Looking at the tested results for aluminium, see figure 10, aluminium has an ultimate tensile stress of 144.5 MN/m^2 and the researched results show 110 MN/m^2 which is instead lower than the tested results, possibly meaning the aluminium was an alloy. The tested yield stress shows 77.5 MN/m^2 and the researched results show 95 MN/m^2 (The Engineering ToolBox, 2003). 
Looking at the tested results for duralumin, see figure 11, duralumin has a tensile stress of 265 MN/m^2 whereas the researched results show 620MN/m^2 which the tested results are not close to. The yield stress of the tested results for duralumin shows 195 MN/m^2 whereas the researched results show 450 MN/m^2 which again isn't close to the tested results (Chintalapudi et al., 2017). 
Finally, looking at the tested results for PVC, see figure 12, PVC has a tensile stress of 10.5 MN/m^2 whereas researched results show between 0.125 and 60.8 MN/m^2 which the tested results fall under. The yield stress for the tested results of PVC shows 16 MN/m^2 whereas the tested results show between 14.8 and 57.4 MN/m^2 which again, the tested results fall under (Matweb, n.d.). In conclusion, the tested results tend to fall short of the researched results which can mean that the test wasn't very accurate, or the materials tested were of a poor quality. 



[bookmark: _Toc1295207150]Evaluation
There are many ways that a tensile test can be skewed, however, there are a couple ways of avoiding that and making the tests more reliable. Firstly, making sure that all materials are tested one after the other to ensure that the change in temperature doesn’t change too much and affect the materials brittleness. Keeping the person who reads the DTI the same is also important across all material samples to ensure consistency. Finally, it is important that the DTI reader is taking the initial number on the DTI as the value will drop off afterwards and will not be showing the true value anymore.












[bookmark: _Toc2123541829]Further work
There are many different variables that can make a tensile test less or more accurate. Given unlimited resources, a tensile test can be made more accurate by using a digital tensile tester so that the figures are measured accurately by computers, removing the risk of human error. Furthermore, temperature has a large impact on the brittleness of the material samples, for example, PVC can deform more when it is in a hotter room. To reduce the impact of temperature, the test can be carried out in a heat-controlled room set to a pre-determined temperature. Finally, the results only show the last measured increment before the material finally breaks. To make the test even more accurate, the test can be measured in the smallest increments possible, which is usually 0.1mm, continuously until the material breaks. 











[bookmark: _Toc11402941]References:
Beck, K. (2020). How To Calculate A Cross-Sectional Area. [online] Sciencing. Available at: https://www.sciencing.com/calculate-crosssection-area-4913182/ (Accessed 05 Dec 2024).
byjus (2019). Tensile Stress. [online] BYJUS. Available at: https://byjus.com/physics/tensile-stress/ (Accessed 04 Dec 2024).
hintalapudi, B., Chaithanya, B., Gonuguntla, M., Pothuri, J., Kant, S., Pathan, A. and Kumar Pittala, R. (2017). Article ID: IJMET_08_05_046 Arief Pathan and Raj Kumar Pittala, Investigation of Mechanical Properties of Duralumin Sandwich Hybrid Composite Using E-Glass Fiber. International Journal of Mechanical Engineering and Technology (IJMET), [online] 8(5), pp.425–431. Available at: https://iaeme.com/MasterAdmin/Journal_uploads/IJMET/VOLUME_8_ISSUE_5/IJMET_08_05_046.pdf (Accessed 08 Dec 2024).
Instron (2024). Modulus of Elasticity. [online] Instron.com. Available at: https://www.instron.com/en/resources/glossary/modulus-of-elasticity (Accessed 08 Dec 2024).
Matweb. (n.d.). Overview of materials for PVC, Extruded. [online] Available at: https://www.matweb.com/search/datasheet_print.aspx?matguid=bb6e739c553d4a34b199f0185e92f6f7 (Accessed 08 Dec 2024).
Sciencedirect. (n.d.). Elastic Region - an overview | ScienceDirect Topics. [online] Available at: https://www.sciencedirect.com/topics/engineering/elastic-region (Accessed 08 Dec 2024).
Steven (2023). Decoding Stress: Calculating Direct Loading on Components. [online] iLearn Engineering. Available at: https://www.ilearnengineering.com/civil/calculate-stress-for-direct-loading-of-components (Accessed 05 Dec 2024).
Study.com. (2022). Yield Stress | Definition & Formula. [online] Available at: https://study.com/learn/lesson/what-is-yield-stress-formula.html (Accessed 05 Dec 2024).
Sun, Y. and Li, Q.M. (2018). Dynamic compressive behaviour of cellular materials: A review of phenomenon, mechanism and modelling. International Journal of Impact Engineering, [online] 112, pp.74–115. doi: https://doi.org/10.1016/j.ijimpeng.2017.10.006 (Accessed 05 Dec 2024).    
TecQuipment. (2012) Engineering Science Guidance Notes | Tensile Tester Kit ES6. [s.l]. TecQuipment. Pg 10.
The Engineering ToolBox (2003). Young’s Modulus - Tensile and Yield Strength for common Materials. [online] Engineeringtoolbox.com. Available at: https://www.engineeringtoolbox.com/young-modulus-d_417.html (Accessed 08 Dec 2024).
Xometry (2023). Elongation at Break: Definition, Calculation, Benefits, Limitations, and Examples. [online] www.xometry.com. Available at: https://www.xometry.com/resources/materials/elongation-at-break/ (Accessed 05 Dec 2024).
  


image7.png
Steelraw data

Toad Nut movement (mm]

Dialindicator (mm]

o 0
02 0175

04 038

05 049

05 059

10 e

12 106

14 125

16 143

16 162

20 161

22 200

24 215

25 2%

25 255

50 271

52 256

54 300

55 ENF)

ES 527

40 EE

22 350

44 )

25 575

25 EES

50 595

60 440

70 W75

50 492

50 500

100 Si6
rignal enghth (mm) 51
FinaLlength (mm] EX)
Cross-sectional height (mm] 2
Cross sectionalwidth (mm) 1





image11.png
T ¥L Under Tension

Toad Ft movermert (i) | Dil Indicator (mim] | Force [Extension] Siress o [Norminal
(N | (mm) | (MNim2) | straine
T T T T T T

02 [} & [} 30__[000%5E

04 [} REN 550008710

05 020 20 [ o 0000090

05 0% % | 08 00078

10 031 I 5 (00225

12 032 2 50 {00263

14 032 2 0 {0030

15 031 I Y 50006

18 0% 2% [ 160 000577

20 0% % [ 1 25 (00

22 022 2 [ 1% 110 [00637

24 020 0 [ 2@ 0.0 {00709

26 021 2 [ 23 050077097

28 020 0 | 2w 00 {00877

30 020 0 | 2m 00009023

32 020 0 [ 5w 00 {00577

30 020 I 00005225

36 021 A ] 05 [0.109355

38 021 o[ 35 5[0

a0 12 2 | 3 0 (0005

[¥) 021 A 05 [02erm

X3 020 I 00013569

13 020 I 00 [0wEs

g 020 I 00 {01857

50 021 2 [ 47 05 [066KE

60 021 2 | 576 20 {05560

70 020 0 | &m 0002035

a0 0% % [ 77 25 {0.250000

50 020 2 | 676 120 {02651

00 021 2% | a7 20 (031

200 021 21 [ 79 |05 (6w
Ciigr Tenghih ] El
Final ength (mim] 561

Trass sectional area (2] T00000Z

Tersie stengh (M 2] 5
Vield stress (Mrm 2] T
72 Elongation I
Wiadulis of elastcity E (GPa] 05

Stress-Strain Curve

Narinasrin




imagee.png
Duralumin raw data

Load Nut movement (mm) DialIndicator (mm)

0 0

02 023

04 038

06 0.56

08 075

10 092

12 112

14 130

16 147

18 168

20 180

22 200

24 217

26 234

28 251

20 270

52 289

54 304

36 522

28 336

20 356

22 574

44 390

46 206

28 424

50 239

60 5.06

7.0 530

Orignal lenghth (mm) 31

Final length (mm) 3222
Cross-sectional height (mm) 2
Cross sectionalwidth (mm) 1





image10.png
Duralumin Under Tension

Toad Ft movermert (i) | Dial Indicator | Force |Extensio] Siress e | Normiral
(o) 9 | n(mm) | (Mm2) | streine
T T T [ T [y
02 [iF} 25 [ 00 [ W5 | -0
04 038 % [ 00z [ W0 0000645
05 5% 5 [ 004 [ 20 000730
05 075 7 [ 0m [ a5 000ET
10 1% % [ 0w [ 40 000251
12 T 2 [ 008 | %60 000251
14 130 B0 | 00 | .0 | 00m
15 147 LA U NER 000419
18 163 T [ 07 15 005654
20 182 T2 | 0E 910 0.00560g|
22 200 I 0 0 7
24 277 27 | 025 | W85 | 0007
26 231 e N N
28 251 I I 2 N 5]
30 270 200 [ 0@ [ 10| Duwer]
32 289 263 [ 031 [ w45 | _oomm|
30 300 06 [ 0% [ 0 0076
36 32 22 [ 0% [ ®0 0072250
38 3% 3® [ 044 [ el 007
a0 35 N I 0077
[¥) 370 2 T N A N
X3 390 I O 00%19
13 406 4 [ 051 | 200 [
g 420 421 [ 0% | 210 | 00w
50 139 43 [ 061 [ 265 | 00mer7]
60 506 505 | 094 [ 2530 | Do
70 530 I O 2
Ciigr Tenghih ] Ell
Final ength (mim] £
Cross seclional area (2] _| 0000002
Tensie stength (VM 2] P
Vild suvess (MUm*2) %
72 Elorgation 397
Fiadulis of elastiiliy E [GPa] 65

tress-Strain Curve




imagea.png
Aluminium Under Tension

Load Nutmovement (mm) | DialIndicator (mm) | Force (N) [ Extension | Stresso | Nominal
(mm) | (MNim*2) | straine
) ) 0 0 ) 0
02 011 11 009 55 [0.002903]
04 028 26 | 012 120 0003871
06 046 46 | 014 230 [0.004516]
08 064 6 | 016 320 [0.005161
10 082 82 | o018 210 [0.005806]
12 101 01 | 019 505 [0.00612]
14 118 118 | 022 590 [0.007097]
16 136 136 | 024 680 [0.007742]
18 155 155 | 025 775 [0.008065]
20 170 170 | 030 850 [0.009677]
22 184 184 | 036 920 [0.011613]
24 201 201 | 089 1005 [0012581
26 216 216 | oas 1080 [0.014194]
28 226 26 | 052 1130 [0.017419]
20 238 238 | o062 1190 [0.020000]
52 246 246 | 074 1230 [0.023871
54 254 254 | 086 1270 _[0.027742]
36 261 261 | 099 1305 [0.031935]
28 270 270 | 110 1350 [0.035484]
20 275 275 | 125 1375 [0.040323]
22 282 282 | 138 1210 [0.044516]
44 284 284 | 156 1220 [0.050323]
46 287 287 | 178 1235 [0.055806]
28 289 289 | 101 1245 [0.061613]
Orignal lenghth (mm) 31
Final length (mm) 35
Cross sectionalarea (m"2] 0.000002
Tensile strength (MN/m"2) 1445
Vield stress (MN/m*2) 775
9% Elongation 806
Modulus o elasticitiy E (6Pa) 961

o

Stress-Strain Curve

0m o0t
Nominalstraine:

00s

007




image9.png
Steel Under Tension

ToadNut movement (mm] _ [Dialindicator (mm] | Force | Extension | Stessc | Nominal
™ (mm) | Mnme) | staine.
o 0 0 © ° o
02 0175 15 0025 575 | 00008
04 038 35 008 175 | oo0ts
05 049 49 011 245 | 0.003%
05 059 3 [} 345 [ 0003
10 e e o1 240 | 0.0039
12 106 106 014 550 | 00088
14 125 125 015 525 [ 000
16 143 143 017 715 | 0.005%
16 162 162 018 510 | 0.0056
20 161 161 015 505 | 0.0061
22 200 200 020 100.0_| 0.0065
24 215 218 021 1095 | 0.0068
25 2% 2% 024 1150 | 0.0077
25 255 255 025 1275 | 0.0081
50 271 271 029 1555 | 0.0094
52 256 265 034 1430 | 00110
54 300 300 040 1500 | 00120
55 ENF) ER 048 1560 | 00155
ES 527 w27 055 1635 | 00171
40 EE ES 062 169.0 | 0.0200
22 350 350 070 1750 | 00226
44 ) ER 078 1610 | 0.0252
25 575 573 057 1655 | 0.0251
25 EES S 095 1525 | 0.0306
50 595 305 105 1675 | 00339
60 440 240 160 2200 | 00516
70 W75 73 227 2%5_ | o072
50 492 0 508 2460 | 0.0084
50 500 E ) 2545 | ozt
100 Si6 518 ) 2580 | 01555
rignal enghth (mm) 51
Finallength (mm] EX)
Crosssectionalarea (m"2] 0.000002
Tensil strength (MN/m'2] 2%
Vield stress (MN/m'2) 1275
5 Elongation 2367
Modulus of elasticity E (GPa] 1581

o

Stress-Strain Curve

Nomina s





image4.jpg




image2.png
Prifysgol Cymru

Y Drindod Dewi Sant
University of Wales
Trinity Saint David




image8.jpg




imagef.png
PVC raw data

Toad Nt movement [mrm) il rdieator (]

[ [

02 [}

04 [}

05 020

05 0%

10 031

12 032

14 032

15 031

18 0%

20 0%

22 022

24 020

26 021

28 020

30 020

32 020

30 020

36 021

38 021

a0 12

[¥) 021

X3 020

13 020

g 020

50 021

60 021

70 020

a0 0%

50 020

00 021

200 021
Ciigr Tenghih ] El

Firal Tength (mm] 1
Trass-sectional height (] 2
Crass -sechional widkh (mm] 7





image8.png
Aluminium raw data_

Load Nut movement (mm)

Dialindicator (mm)

) )
02 011

04 028

06 046

08 064

10 082

12 101

14 118

16 136

18 155

20 170

22 184

24 201

26 216

28 226

20 238

52 246

54 254

36 261

28 270

20 275

22 282

44 284

46 287

28 289

Orignal lenghth (mm) 31
Final length (mm) 35
Cross-sectional height (mm) 2

Cross sectionalwidth (mm)





image9.jpg




