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1 Introduction

The aim of this experiment was to test the tensile strengths of different materials. There were four
materials in total. The first material was Mild steel, which is a basic steel alloy. The second material
was a basic aluminium alloy. The next material was Duralumin, which is a high specification
aluminium alloy. The final material was PVC, which is a common thermoplastic. With this
experiment, the materials strengths and how they responded under a load would be understood.
The test itself takes the materials to their limit until they snap by adding tensile load. From this the
stress, strain and the extension of the material can be found (Engineering Science Guidance Notes,

TecQuipment Ltd, 2012).
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2 Experimental Procedure

The first step in the experiment procedure was to set up the tensile tester kit supplied by

TecQuipment. This kit included a work panel and the tensile tester itself.

Figure 1 - The tensile test kit set up

As seen in figure 1, the tensile tester has several features on it. The dial indicator on the front of the
equipment showed how much the load nut, situated on top of the tester, had been moved. This had
to be zeroed before each material was tested to make sure the reading was accurate. The load nut on
top of the tester was used to extend the material, with each full turn equalling 1mm of pull. The

materials were placed between the two chucks on the vice.

Figure 2 - Materials from top to bottom: PVC, Duralumin, Aluminium and Mild steel

Before each material was tested the dimensions, which included the overall length and cross-
sectional area of the material, were measured with a vernier calliper. Once these had been noted,
the material would then be placed in between the two chucks of the tensile tester and fitted
between two fixings. Once the dial indicator was then set at zero, the load nut was turned until there
was tension on the material. To start with, the load nut was turned by 0.2mm increments up until the
dial indicator was at 5mm. From here the load nut was turned at 1mm increments until the dial

indicator was at 10mm, which from there stepped up to 10mm increments at a time. This would then
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continue until the material had snapped. Once the material was destroyed, it was removed from the

chucks, the new length of the material was measured with vernier callipers.

Figure 3 - All specimens after the tensile test
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3 Results

Tensile Test

Load nut movement (mm) Steeldial indicator (mm) Aluminium dial indicator (mm)

0
02
0.4
0.6
0.8

1
12
14
16
18

2
23
24
25
28

3
3.2
34
35
38

4
432
44
15
48

5

[1=00--RENIN-"]

10
0
30
40
50
60

=]

Figure 4 - Raw data from tensile test experiment
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0.25
0.45
0.63
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5.24
53

snapped

1]
0.17
0.24
0.52

0.7
D.87

1
1.24
141
1.58
175
1.89

2
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2.2
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238
243
251
2.58
261
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27

27
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Duralumin dialindicator {mm)

snapped

0
0.1z
0.35

4.75
452

PYC dialindicator (mm)

snapped

0
0.08
0.13
0.18
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0.14
0.13
0.13
0.12
011

0.14
011
011
0.08
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4 Analysis

There were several steps needed to calculate the stress and strain for each material. Firstly, to
calculate the force applied to each object, the dial indicator reading had to be multiplied by 1000
(Engineering Science Guidance Notes, TecQuipment Ltd, 2012). From here, the stress and strain could
be found. As the width and depth of each material had been measured, multiplying the two values
gave the cross-sectional area of each material. To calculate the stress, the force was divided by the
cross-sectional area and given in KN/m”2, as seen in figure 5-8 below. To calculate strain, first the
extension was needed. To find this, the dial indicator value was taken away from the load nut
movement. This value was then plugged into the strain equation, where the extension was divided
by the original length of the material. The extension was also divided by 1000 so that it was in base

units of meters.

Steel Cross Sectional Area (m"2) 0.0000189
Original Length (m) 0.031
Load nut movement (mm) Dialindicator (mm| Force (N) Extension(mm) Stress(KN/M*2]  NominalStrain wiotn(m]  0.0021
0 0 0 0 0 0 depth(m)  0.009
02 0.08 80 012 4232804233 0.003870368
04 035 250 015 13227.51323 0.00483871
s 045 450 015 23800.52381 0.00283871
[ 0.63 630 017 3333333333 0.005483871 Stress vs Strain for Steel
1 081 810 019 42857.14286 0.006129032
12 1 1000 02 52010.05201 0.008451615 300000
14 12 1w 02 63492.06349 0.006451613
18 138 1380 022 7301587302 0.007096774
18 156 1560 024 8253968254 0.007741935 250000
2 175 1750 035 92592.59259 0.008064516
22 183 1930 027 1021184021 0.008709677
24 212 2120 028 1121693122 0.009032258 200000
26 231 2310 03 122222291 0.009354839
28 248 2490 031 131746.0317 0.01
3 266 2660 034 140740.7407 0.010967742
32 284 2580 036 1502645503 0.011612903
34 3 3000 04 158730.1587 0.012903226
6 314 3140 046 165137.5661 0.01483871
38 325 3250 058 171957.672 0.017741935
a 33 3 063 178306.5783 0.020322581
42 35 300 07 1851851852 0.022580845. <000
44 362 3620 078 1915343915 0.02516129
46 374 3740 086 197BB3.5979 0.027741935
48 385 3850 095 2037037037 0.030845161 .
5 3%6 3060 104 2095238095 0.033548387 0 .02 001 008 0.08 01 02 e 016
5 443 4430 157 2343915344 0.050645161 Strain
7 477 4770 223 252380.9524 1.071935484
8 5 5000 3 264550.2646 0.006774184
9 524 5240 376 2772485772 0.121290325
10 53 5300 47 2804232804 0.151612903
20 snapped

Figure 5 - Graph and calculations for Mild steel

For Mild steel, the yield point on the graph was 171957.67KN/m”2, and the tensile stress was
280423.28KN/m”2.
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Aluminium
Load nut movement (mm) Dial indicator (mm) Force (N) Extension (mm) Stress (KN/m*2) Nominal Strain

5 snapped

0
0.17
0.24
0.52

0.7

0
170
240
520

0
0.03
0.16
0.08

0.1
0.13
0.2
0.16
0.19
0.22
0.25
0.31
0.4

0
86734.69388
122448.9796
265306.1224
357142.8571

443877.551
510204.0816
632653.0612
719387.7551

806122.449
892857.1429
964285.7143
1020408.163
1066326.531

1122448.98
1153061.224
1214285.714
1239795.918
1280612.245
1316326.531
1331632.653
1362244.898

1377551.02

1377551.02
1408163.265

Figure 6 - Graph and calculations for Aluminium

Tensile Test

0

0.000970874
0.0051775984
0.002588587
0.003236246

0.00420712
0.006472482

0.005177994 Lenn0m
0.006148867

0.007119741 -
0.008090615

0.010032362 -
0.012844984

0.016504854

0.018417476 & teanooe
0.02394822 >
0.026537217 = oo
0.031391586 J
0.035275081 & Gooooo
0.039482201

0.044583819 400000
0.049514563

0.055016181 200000
0.061488673

0.066018417 0

Cross Sectional Area (m*2) 0.00000196

Original Length (m) 0.0309
width (m) 0.00196
depth {m} 0.001
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Stress vs Strain for Aluminium

0.3 0.04 0.05 0.08
Strain

For Aluminium, the yield point was 964285.71KN/m”2, and the tensile stress was

1408163.27KN/mA2.

Duralumin

Load nut mevement (mm) Dialindicator (mm)

02
04
06
08
1
12
14
16
18
2
22
24
26
28
2
22
34
36
38
4
42
44
46
a8
5
6
7
8 snapped

017
0.35
0.54
0.73
03
11
128
145
165
183
2.02
22
239
257
274
292
31
328
346
384
3.82
4
4.16
432
4.46
475
492

Force(N)

170

350

540

730

900
1100
1280
1450
1650
1830
2020
2200
2390
2570
2740
2920
3100
3280
3460
3640
3820
4000
4160
4320
4460
4750
4920

0.03.
0.05
0.06.
0.07.

01

01
0.12
0.15
0.15
017
0.18

0.2
0.21
0.23.
0.26
0.28.

0.3
0.32.
0.34.
0.36.
0.38.

0.4
0.44
048
0.54
1.25
2.08

0
86734.69388
178571.4286
275510.2041
372448.9796
4591836735
561224.4898
653061.2245
739795.9184
841836.7347
933673.4694
1030612.245
112244898
1219387.755
131122449
1397959.184
1489705018
1581632.653
1673469.388
1765306.122
1857142.857
1948979.592
2040816327
212244898
2204081633
2275510.204
2423469.388
2510204.082

Extension (mm) Stress (KN/m"2) Nominal Strain

o
0.000967742
0.001612303
0.001935484
0.002258065
0.003225806
0.003225806
0.003870968

0.00483871

0.00483871
0.005483871
0.005806452
0.006451613
0.0067741294
0.007419355
0.008387097
0.000032258
0.009677419
0.010322581
0.010967742
0.011612303
0.012258065
0.012903226
0.014193548
0.015483871
0.017419355
0.040322581
0.067096774

Figure 7 - Graph and calculations for Duralumin

55 (KNim*2)

Stre:

Cross Sectional Area (m"2)
Original Length (m)

width (m}

depth (m)

3000000

2500000

2000000

1500000

1000000

500000

000000196
0.031
0.00196
0.001
Stress vs Strain Duralumin
002 a0z 004

Strain

For Duralumin, the yield point was 2040816.33KN/m”2, and the tensile stress was

2510204.08KN/m"2.
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PVC

Load nut movement {mm Dial indicator (mm! Force (N) Extension (mm| Stress (KN/m*2) Nominal Strain

0
0.2
04
06
0.8

1
12
14
18
18

2
22
24
26
28

3
32
34
36
38

4
42
44
45
48

5

6

7

8

9

10
20
30
40 snapped

[
0.06
0.13
0.18
0.23
0.25
0.2
0.18
0.15
0.13
0.13
0.15
0.14
0.14
0.14
0.14
0.15
0.14
0.14
0.15
0.14
0.14
0.14
0.14
0.13
0.13
0.12
0.11
0.12
0.14
011
0.11
0.08

]
€0
130
190
230
250
200
180
150
130
130
150
140
140
140
140
150
140
140
150
140
140

140
130
130
120
110
120
140
110
110

80

]
0.14
027
041
0.57
0.75

1
122
145
167
187
205
226
245
266
2.86
3.05
326
348
365
386
4.08
426
445
467
4.87
5.88
6.89
7.88
8.86
9.89

19.89
29.92

]
30927.83505
67010.30928
9793814433

118556.701
128865.9794
103092.7835
92783.50515
77319.58763
67010.30928
67010.30928
77319.58763
72164 94845
72164 84845
72164.94845
72164.94845
77319.58763
72164.94845
72164.94845
77319.58763
72164 84845
72164.94845
72164.94845
72164 84845
67010.30928
67010.30928

61855.6701
56701.03083

61855.6701
72164.94845
56701.03093
56701.03093

41237.1134

Figure 8 - Graph and calculations for PVC

[
0.00044757
0.000863171
0.001310742
0.001822251
0.002397698
0.003196831
0.003900256
0.00463555
0.005338875
0.005978261
0.006553708
0.007225064
0.00786445
0.008503836
0.009143223
0.009750639
0.010421995
0.011061381
0.011668796
0.012340153
0.01297954
0.013618926
0.014258312
0.014929668
0.015569054
0.018797954
0.022026854
0.025191816
0.028324808
0.031617647
0.063586957
0.095652174

Stress (KN/m*2

Tensile Test 2304115

Cross Sectional Area (m*2 0.00000154
Original Length (m) 0.3128
width (m) 0.00194
depth (m) 0.001

Stress vs Strain PVC
140000

120000

100000

Strain

For PVC, the yield point was calculated at 128865.98KN/m”2, and the tensile stress was

41237.11KN/m”"2.
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5 Conclusion

In conclusion, the results from the experiment were slightly off from the true values of stress of the
materials. For Mild steel, the average yield stress is 250MPa (How Much Force Can Mild Steel
Withstand? | Clickmetal). This converts to about 250000KN/m”2, which is about 80000KN/m"2
higher than the value that was calculated. The tensile stress of steel is around 400MPa, which
converts to 400000KN/m”2 (The Strength of Mild Steel, Austen Knapman, 2013). This is around
120000KN/mA2 higher than the calculated value. This could be due to inaccuracy’s when calculating
the force, which could be down to an inaccurate reading when the dial indicator was read. The cross-
sectional area of the material did also change throughout the experiment, whereas in the calculation
it is assumed the cross-sectional area is the same up until the destructive point.

For Aluminium, the yield strength varies greatly depending on the type of alloy that is used. It can
range from 30 MPa to 425MPa, around 30000KN/m”2 to 425000KN/m”2 (Yield Strength of
Aluminum Alloys - Al Alloy Yield Strength Chart). The calculated value from the experiment was
964285.71KN/m”2, which is a lot higher than the average value. This could mean it is a high strength
alloy. The tensile stress can vary from 90000KN/m”2 to 690000KN/m”2(What Are the Mechanical
Properties of Aluminium? - KMC Aluminium). This is again lower than the calculated value of
1408163.27KN/m”2. This could be due to inaccuracy when reading the dial indicator and during
calculations in excel.

For Duralumin, the yield stress is around 450000KN/m”2, with tensile stress being around
730000KN/mA2 (Duralumin, ChemEurope). The value calculated is nearly triple the average yield and
tensile strength, likely a miscalculation.

For PVC, the tensile strength is around 47000KN/m”2, which was very close to the calculated value
of 41237.11KN/m”2. This could have been more accurate, but with PVC reaching plasticity quickly it
meant reading the dial indicator did become a challenge.
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6 Evaluation

There were a few ways errors were eliminated as much as possible. For example, there was one
person always watching the dial indicator and calling out the value straight away. However,
sometimes the dial indicator would slip back slightly, meaning the true value would not have been
seen. One way this problem could have ben solved is by having a camera as a backup where the
recording could be paused the exact moment the load nut had stopped moving. This would mean a
more accurate dial indicator reading could be taken.

Another way error was reduced was through having the same person measure each material for its
dimensions. By doing this, the readings would be consistent throughout and there was always a
second person on hand to confirm the value and that it had been measured correctly.

One other way error was reduced was by making sure there was no slack on the material before the
dial indicator was set to zero. This meant that the first turn of the load nut would not pick up any
slack and it would be an accurate reading on the dial indicator.
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7 Further Work

One way the experiment could be improved is through the use of a bigger tensile tester. With a
larger tester, larger specimens could be used. This means the limit of where the material could be
tested would be greater. The measurements of the stress and strain would also be more accurate, as
there would be a greater force applied to the material over a larger area. With being able to use a
larger size of material, the force that can be applied would be increased exponentially, again giving a
more accurate result.

Another way to improve the experiment would be to spend longer on it. Each material was only
tested once, whereas if there was a longer period of time spent doing it, each material could be
tested two or three times. This would give more accurate data as a mean from each data set could be
taken and could give a truer value of stress and strain.

10
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