


Tensile Test

University of Wales Trinity Saint David
Jason Taberner
2404389
BEng, Motorsport Engineering
7/12/2024
Engineering Science, ACHA4002
Word Count: 1480 words


Contents
1	Introduction	3
2	Experimental Procedure	4
3	Results	5
3.1	Steel Data	5
3.2	Duralumin Data	6
3.3	Aluminium Data	7
3.4	PVC Data	8
4	Analysis	9
4.1	Steel Tensile Test	9
4.2	Duralumin Tensile Test	11
4.3	Aluminium Tensile Test	13
4.4	PVC Tensile Test	15
5	Conclusion	18
6	Evaluation	19
7	Further Work	20
8	References	21




[bookmark: _Toc184486768]Introduction
This report aims to analyse the results of 4 tensile test specimens. It will look at the procedure followed in order to conduct the test safely and efficiently, as well as the raw and manipulated data gathered from the tests. This report will also compare the results from the tests with values found through research in order to validate the test results. Finaly, this report will look at how errors were eliminated during the test and how the test could be improved.

[bookmark: _Toc184486769]Experimental ProcedureFigure 1 Tensile tester
Load Nut
Guard
Top Plate
Top Chuck
Test Piece
Bottom Chuck
Dial Indicator
100N/mm Springs
Figure 2 Tensile test piece after failure

 Figure 1 shows the tensile test machine. In order to carry out a tensile test, a test piece must be measured. The length of the narrow section must be measured, as well as the cross-sectional area of the narrow section. The test piece must then be secured in the tensile tester by attaching it to the top and bottom chuck as shown in figure 1. The load nut is then turned which lifts the top plate and top chuck. This movement of the top plate puts a tensile force on the test piece. As the load nut it turned the bottom chuck rises and compresses the springs, this movement is shown on the dial indicator which must be noted down for each incremented turn of the load nut. For the first 5mm the load nut must be turned enough to lift the top plate in 0.2mm increments. From 5-10mm the top plate is raised in 1mm increments, and from 10-60mm the top plate is raised in 10mm increments. The load nut it turned, and a recording of the dial indicator is taken for each increment until the test piece fails. Once the test piece has failed the pieces must be put back together and the new measurement for the length of the narrow section must be taken. Figure 2 shows the test piece after failure and the blue arrow indicates the dimension that must be taken when the two ends are pressed back together. This dimension must be taken before and after the test in order to find the extension.
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[image: ]The raw data recorded from the steel tensile test is shown in table 1.
When testing the initial and final length of the test piece were recorded. The initial length of the steel test piece was 30.9mm and its final length was 38.2.
Table 1 Steel Raw Tensile Data
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Table 2 Duralumin Raw Tensile DataThe raw data recorded from the duralumin tensile test is shown in table 2.
The initial length of the duralumin test piece was 31mm and its final length was 33.4.

[image: ]





[bookmark: _Toc184486773]Aluminium Data
Table 3 Aluminium Raw Tensile DataThe raw data recorded from the aluminium tensile test is shown in table 3.
The initial length of the aluminium test piece was 30.94mm and its final length was 33.14.
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Table 4 PVC Raw Tensile DataThe raw data recorded from the PVC tensile test is shown in table 4.
The initial length of the PVC test piece was 31.1mm and its final length was 41.68.
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Table 5 Steel Data Sheet
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When referring to MN/m2, MPa can be used. Shown by the orange lines on figure 6 the gradient of the elastic region can be calculated using rise/run (change in y/change in x).  This equation gives a gradient of 16,626.02MPa which is the stiffness of the material.Figure 3 Steel Stress vs Strain Graph

The yield point can be identified by the change in gradient indicated by the green line on the graph. For the steel test piece, the yield point is shown to be 161.05MPa. The ultimate tensile strength (UTS) is found by identifying the highest point on the graph, in this case it is the final value at 300.22MPs and is indicated by the pink line.
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Table 6 Duralumin Data Sheet
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Shown by the orange lines on figure the gradient of the elastic region can be calculated using rise/run.  This equation gives a gradient of 12,107.95MPa.Figure 4 Duralumin Stress vs Strain Graph

The yield point, indicated by the green line is shown to be 222.11MPa. The UTS for the duralumin test piece is 270MPa and is indicated by the pink line. 
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Table 7 Aluminium Data Sheet
[image: ]





Figure 5 Aluminium Stress vs Strain Graph
Shown by the orange lines on figure the gradient of the elastic region can be calculated using rise/run.  This equation gives a gradient of 12,091.05MPa.
The yield point for the aluminium sample is shown on the graph in figure 5 to be 68.04MPa and is indicated by the green line. The UTS is 141.75MPa and is indicated by the pink line.
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Table 8 PVC Data Sheet
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Figure 6 PVC Stress vs Strain Graph
Shown by the orange lines on figure 6 the gradient of the elastic region can be calculated using rise/run.  This equation gives a gradient of 881.96MPa.
Figure 6 shows the stress vs strain graph for the PVC test piece. Looking at the graph it is evident that the yield point and the UTS are both at 18.42MPa which is indicated by the pink and green line.

Looking at the stiffnesses of the materials it is clear that the steel sample has the highest stiffness value at 16,626.02MPa and PVC has the lowest at 881.96MPa. Duralumin and aluminium have similar stiffness values at 12,107.95MPa and 12,091.05MPa. This is most likely because duralumin is an aluminium based alloy and contains around 95% aluminium and around 4-5% copper. MatWeb (2024 A).

[bookmark: _Toc184486780]Conclusion
The yield point found for the mild steel test piece was 161.05MPa, and the UTS was 300.22MPa. According to MatWeb, (2024 B), the tensile strength for AISI 1006 Steel (which is a mild steel) is 305-360MPa and the yield stress is 180-240MPa. These results are similar and so validates the tensile test for the steel covered in this report. The difference in values could be because the test sample the test sample could be a different grade/type of steel.
The yield point and UTS found for the duralumin sample were 222.11MPa and 270.00MPa. According to MatWeb, (2024 C), the yield point range is 68.9-570MPa and the UTS is 172-670MPa. An overview for the 2000 series has been used because there is no identification of the % of copper in the tested alloy and so the exact match cannot be found. However Aluminium 2090-T3 is a close match, it just does not have the required 4% copper to be classed as duralumin. This alloy has a yield point of >=210MPa and a UTS of >=320MPa which is similar to the results found in the lab. MatWeb (2024 D).
The yield point for the aluminium sample was 68.04MPa and the UTS was 141.75MPa. According to MatWeb, (2024 E), the yield point for Aluminium 1100-H1 is 75.0MPa and the UTS is 95.0-130MPa. These values are similar to those collected in the test covered in this report, the difference is likely due to not having the exact type of aluminium as well as what process the sample had undergone such as cold rolling. 
The yield point and the UTS for the PVC sample are both 18.42MPa. This is consistent with MatWeb, (2024 F), for AlphaGary PVC 7762 Polyvinyl Chloride Thermoplastic, the yield point and UTS are 20.7MPa. This difference could be because of a difference in temperature of the material when the test was conducted or a difference in the exact type of PVC used for the test.

[bookmark: _Toc184486781]Evaluation
When conducting the experiment, there were certain measures taken in order to eliminate errors. While measures were taken, there were still some errors such as the step at around 50MN/m2 on figure 4. In order to eliminate errors, the team conducting the experiment each had a job to do. One member would turn the load nut in the required increments, one team member would read the dial indicator, and the rest of the team would note down these numbers in order to have multiple to cross reference. During the test one member of the team would be keeping track of when the load nut turning increments had to increase and would inform the person turning the load nut when the increase needed to happen. To further eliminate errors, when measuring the test piece before and after each test, there would be at least 2 members of the team to measure the specimen in order to prevent mistakes. Using this process the team were able to produce tables 1-4 with a fairly high level of accuracy.
While there were many variables that were controllable, things such as defects below the surface of the test sample, temperature of the room, and any stresses in the material prior to the test.

[bookmark: _Toc184486782]Further Work
If this test were to be done again given unlimited time and resources, an automatic tensile test rig could be used instead of the hand operated test rig. This change would allow a more controlled application of force and would also allow more data points to be recorded. Conducting the test in a temperature controlled environment would also improve the accuracy of the test as materials behave differently based on their temperature. Another improvement that could be made would be to conduct multiple tests for each test piece and average the results, this would help eliminate errors where there are defects in the test pieces.
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Duralumin Stress vs Strain Graph

Duralumin Stress vs Strain Graph	
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Aluminium Stress vs Strain Graph

Aluminium Stress vs Strain Graph	
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PVC Stress vs Strain Graph

PVC Stress vs Strain Graph	
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Force (N) Extension (mm)

Stress (MN/m

2

)

Nominal Strain

Original length (mm): 31mm       Final Length (mm): 33.4mm


image10.emf
Percent Elongation6.97%

0 0 0 0 0 0

0.2 0.14 14 0.06 7.22 0.001936733

0.4 0.32 32 0.08 16.49 0.002582311

0.6 0.5 50 0.1 25.77 0.003227889

0.8 0.67 67 0.13 34.54 0.004196256

1.0 0.85 85 0.15 43.81 0.004841833

1.2 0.97 97 0.23 50.00 0.007424145

1.4 1.13 113 0.27 58.25 0.0087153

1.6 1.32 132 0.28 68.04 0.009038089

1.8 1.49 149 0.31 76.80 0.010006456

2.0 1.63 163 0.37 84.02 0.011943189

2.2 1.76 176 0.44 90.72 0.014202711

2.4 1.88 188 0.52 96.91 0.016785023

2.6 2.01 201 0.59 103.61 0.019044545

2.8 2.12 212 0.68 109.28 0.021949645

3.0 2.26 226 0.74 116.49 0.023886378

3.2 2.32 232 0.88 119.59 0.028405423

3.4 2.41 241 0.99 124.23 0.031956101

3.6 2.5 250 1.1 128.87 0.035506779

3.8 2.55 255 1.25 131.44 0.040348612

4.0 2.61 261 1.39 134.54 0.044867657

4.2 2.66 266 1.54 137.11 0.04970949

4.4 2.68 268 1.72 138.14 0.05551969

4.6 2.73 273 1.87 140.72 0.060361524

4.8 2.75 275 2.05 141.75 0.066171724

Specimen material: Aluminium

Original cross-sectional area (mm

2

 and m

2

): 1.94mm

2

  or 1.94*10

-6

m

2 

Load nut 

movement (mm)

Dial indicator 

(mm)

Force (N) Extension (mm)

Stress (MN/m

2

)

Nominal Strain

Original length (mm): 30.98mm       Final Length (mm): 33.14mm


image11.emf
Percent Elongation34.02%

0 0 0 0 0 0

0.2 0.07 7 0.13 3.68 0.004180064

0.4 0.14 14 0.26 7.37 0.008360129

0.6 0.21 21 0.39 11.05 0.012540193

0.8 0.28 28 0.52 14.74 0.016720257

1.0 0.34 34 0.66 17.89 0.021221865

1.2 0.35 35 0.85 18.42 0.02733119

1.4 0.22 22 1.18 11.58 0.037942122

1.6 0.17 17 1.43 8.95 0.045980707

1.8 0.16 16 1.64 8.42 0.052733119

2.0 0.15 15 1.85 7.89 0.059485531

2.2 0.16 16 2.04 8.42 0.065594855

2.4 0.15 15 2.25 7.89 0.072347267

2.6 0.16 16 2.44 8.42 0.078456592

2.8 0.17 17 2.63 8.95 0.084565916

3.0 0.14 14 2.86 7.37 0.091961415

3.2 0.16 16 3.04 8.42 0.097749196

3.4 0.18 18 3.22 9.47 0.103536977

3.6 0.18 18 3.42 9.47 0.109967846

3.8 0.17 17 3.63 8.95 0.116720257

4.0 0.16 16 3.84 8.42 0.123472669

4.2 0.16 16 4.04 8.42 0.129903537

4.4 0.15 15 4.25 7.89 0.136655949

4.6 0.15 15 4.45 7.89 0.143086817

4.8 0.16 16 4.64 8.42 0.149196141

5.0 0.15 15 4.85 7.89 0.155948553

6.0 0.15 15 5.85 7.89 0.188102894

7.0 0.16 16 6.84 8.42 0.219935691

8.0 0.17 17 7.83 8.95 0.251768489

9.0 0.15 15 8.85 7.89 0.284565916

10.0 0.15 15 9.9 7.89 0.316720257

Specimen material: PVC

Original cross-sectional area (mm

2

 and m

2

): 1.9mm

2

  or 1.9*10

-6

m

2 

Load nut 

movement (mm)

Dial indicator 

(mm)

Force (N) Extension (mm)

Stress (MN/m

2

)

Nominal Strain

Original length (mm): 31.1mm       Final Length (mm): 41.68mm
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