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Abstract
This paper discusses the findings from an experiment measuring deflection in metal beams under different loads. The beams used are aluminium alloy, brass, and mild steel under loads of 50g, 100g, 150g and 200g measured 0.24m from the beam fixture. 

Calculations are made based off a deflection equation derived from Macauley’s method and Euler-Bernoulli theory, which incorporate values taken from the beam parameters. This paper looks at both sets of results to determine whether the physical experiment lines up with the theory of beam deflection. 

The results determine that the physical measurements align with the calculations with an average variation of 3.91%. 
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This report covers the deflection of cantilever beams, both in theory and in practice to provide clarity and highlight any discrepancies. The aim of this experiment is to validate a new test rig for a cantilever beam supporting some test equipment. Macauley’s method will be used in conjunction with the Euler-Bernoulli theory to determine an equation for beam deflection, and then the relevant parameters will be obtained from three metal beams. It is important to determine whether the experiment can accurately reproduce the results found in the theory, as this will verify whether the new test rig is feasible. 
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Macauley’s method is a procedure for finding the correct equation to describe the deflected shape of a beam. By using Macauley’s method with Euler-Bernoulli theory, this equation can be integrated to find the deflection equation. [1]

The value of x can vary, depending on the type of beam and the location of the load(s) exerted. In this scenario, there is only one point load at the very end of the cantilever so x can be taken as the length, L of each beam. 





 









 

 

 


Deflection, 

Where: 	E = young’s modulus of material (N/)
		I = second moment of area (m4) *see below*
		W = weight (N)
		L = length of beam (m)
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· ES4 Deflection of Beams and Cantilevers kit: 
1. Work Panel
2. Metal beams (aluminium alloy, brass, mild steel)
3. Beam fixture
4. Dial Indicator
5. Weights
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[bookmark: _Toc121226893]Figure 1, experiment work panel
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[bookmark: _Toc121226894]Figure 2, beam fixture and dial indicator
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The first step in the cantilever beam deflection experiment was to measure the b and d values of each specimen, which were used in the theoretical deflection calculations. Following this, the beam fixture was bolted to the work panel in a suitable position for setting up the cantilever beams. 

The first beam was then placed into the fixture and secured using an Allen key and two screw bolts. Once the beam was in place, a measurement was taken to determine the length for the calculations later on.  

The next step in setting up the experiment was to fix the position of the dial indicator and then calibrate it to zero. The indicator was placed so that the tip was resting on the far end of the beam. 

Finally, four different weights were prepared (50g, 100g, 150g and 200g). This was done by applying 10g discs to the base plate, which itself also had a mass of 10g. On completion of this, the experiment was ready to go ahead. 

The first 50g weight was applied to the end of the beam and the dial indicator was used to measure the deflection (y) in mm. After the measurement was recorded, the weight was removed, and the dial indicator was recalibrated to 0 before applying the next weight and repeating the process.

Once complete, the beam was removed from the fixture and the next was put in its place. The measurement process was repeated until all relevant values had been collected.

The final step of the process was to input the beam measurements and different weights into the deflection formula, using the below values for the young’s modulus. 

Aluminium Alloy, E = 69 GPa
Brass = 105 GPa
Mild Steel = 200 GPa 

Once all of the data had been gathered, it was put into a more digestible format in excel. This included tables and graphs to better visualise the performance of each beam. 
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	Aluminium Alloy

	
	Mass (KG)
	Weight (N)
	Length (m)
	E (N/m^2)
	b (m)
	d (m) 
	I (m^4) 
	y (m)
	y (mm)

	1
	0.05
	0.4905
	0.24
	6.90E+10
	9.50E-03
	3.10E-03
	2.36E-11
	1.39E-03
	1.39

	2
	0.1
	0.981
	0.24
	6.90E+10
	9.50E-03
	3.10E-03
	2.36E-11
	2.78E-03
	2.78

	3
	0.15
	1.4715
	0.24
	6.90E+10
	9.50E-03
	3.10E-03
	2.36E-11
	4.17E-03
	4.17

	4
	0.2
	1.962
	0.24
	6.90E+10
	9.50E-03
	3.10E-03
	2.36E-11
	5.56E-03
	5.56


[bookmark: _Toc121226896]Figure 4, Calculated deflection of Aluminium Alloy beam data
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	Brass

	
	Mass (KG)
	Weight (N)
	Length (m)
	E (N/m^2)
	b (m)
	d (m) 
	I (m^4) 
	y (m)
	y (mm)

	1
	0.05
	0.4905
	0.24
	1.05E+11
	9.50E-03
	3.10E-03
	2.36E-11
	9.13E-04
	0.91

	2
	0.1
	0.981
	0.24
	1.05E+11
	9.50E-03
	3.10E-03
	2.36E-11
	1.83E-03
	1.83

	3
	0.15
	1.4715
	0.24
	1.05E+11
	9.50E-03
	3.10E-03
	2.36E-11
	2.74E-03
	2.74

	4
	0.2
	1.962
	0.24
	1.05E+11
	9.50E-03
	3.10E-03
	2.36E-11
	3.65E-03
	3.65
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	Mild Steel

	
	Mass (KG)
	Weight (N)
	Length (m)
	E (N/m^2)
	b (m)
	d (m) 
	I (m^4) 
	y (m)
	y (mm)

	1
	0.05
	0.4905
	0.24
	2.00E+11
	9.50E-03
	3.10E-03
	2.36E-11
	4.79E-04
	0.48

	2
	0.1
	0.981
	0.24
	2.00E+11
	9.50E-03
	3.10E-03
	2.36E-11
	9.58E-04
	0.96

	3
	0.15
	1.4715
	0.24
	2.00E+11
	9.50E-03
	3.10E-03
	2.36E-11
	1.44E-03
	1.44

	4
	0.2
	1.962
	0.24
	2.00E+11
	9.50E-03
	3.10E-03
	2.36E-11
	1.92E-03
	1.92
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	Measured Deflection, y (mm)

	Mass (KG)
	Aluminium Alloy
	Brass
	Mild Steel

	0.05
	1.31
	0.81
	0.45

	0.1
	2.72
	1.8
	0.88

	0.15
	4.38
	2.71
	1.46

	0.2
	5.5
	3.67
	1.87


[bookmark: _Toc121226899]Figure 7, Measured deflection of Aluminium Alloy, Brass and Mild Steel beams
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	Mass (KG)
	Aluminium Alloy
	Brass
	Mild Steel

	
	Measured
	Calculated
	Measured
	Calculated
	Measured
	Calculated

	0.05
	1.31
	1.39
	0.81
	0.91
	0.45
	0.48

	0.1
	2.72
	2.78
	1.8
	1.38
	0.88
	0.96

	0.15
	4.38
	4.17
	2.71
	2.74
	1.46
	1.44

	0.2
	5.5
	5.56
	3.67
	3.65
	1.87
	1.92


[bookmark: _Toc121226900]Figure 8, Comparison of measured and calculated deflection
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[bookmark: _Toc121226901]Figure 9, Graph of calculated deflection for each metal beam
`

[bookmark: _Toc121226902]Figure 10, Graph of measured deflection for each metal beam
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Figures 4, 5 and 6 show the calculated deflection results which use the measurements taken from the metal beams under the different weight conditions. When comparing these results to the ones physically measured in the experiment (see in Figure 7), it was observed that there are slight differences. Although there are minor discrepancies, the results are highly similar; the largest difference was found with the aluminium beam with a mass of 150g, where the measured value was 0.21mm larger than the calculated value. However, every other test in this experiment had a result difference of 0.02-0.10mm so this can be discounted as a one off. 

Figures 9 and 10 show the results in a graphical format, with a trendline to demonstrate how the deflection acts in a linear fashion under different weight conditions. Both the graph for calculated results, and for measured results show an almost identical trendline for each beam. It can be easily observed that aluminium deflects the most under load, whilst mild steel deflects the least and brass sits in between the two. This tells us that the mild steel beam has the greatest stiffness of the three, and aluminium has the lowest.

Using the calculated results as a baseline, the accuracy of each test can be calculated and therefore, the same for each beam and the experiment as a whole. The average variation for the aluminium beam tests was 3.46%, whilst brass was 3.57% and mild steel was 4.66%. For the experiment as a whole, the results varied an average of 3.91%, which demonstrates that the physical deflection of metal beams in this case is almost true to that of the calculated results in the theoretical approach. 

This demonstrates that the test rig could potentially work within a 5% tolerance however, more research would need to be carried out to be certain. 

[bookmark: _Toc122122404]Conclusions 
During this experiment, the deflection of three metal beams was tested under different loading conditions. Those used were aluminium alloy, brass, and mild steel under loads of 50g, 100g, 150g and 200g. 

When observing the results, it can be seen that as more weight is added to the end of the beams, the more they deflect.  It was determined that the aluminium alloy deflected the most out of the three beams whilst the mild steel deflected the least. These results suggest that the steel beam has the greatest stiffness. 

In comparison, the deflections that were physically measured during the experiment were almost exact to that of the calculations. The average variation for the aluminium measured and calculated results was 3.46%, whilst the brass results had a variation of 3.57% and mild steel 4.66%. The average result variation for the experiment as a whole was 3.91%. Although the variation percentages are very similar, the mild steel had the highest. This means that out of the three, the physical measurements taken from the steel beam were the most inconsistent when compared to the calculations based on Macauley’s method. 

Based on an average 3.91% rate of variation across both sets of results, it can be concluded that the test method is accurate within a semi-acceptable tolerance – although, this would have to be defined to know for certain.

[bookmark: _Toc122122405]Recommendations 
If this experiment were to be reproduced, there are several recommendations for improvement particularly with the equipment.

The first would be to simply carry out multiple tests on the same work pieces to achieve more accurate results. This could help with removing any anomalies and inconsistencies. Furthermore, this could help reduce the variation between the calculated and measured values. This reduced amount of result variation would allow for the test rig to operate more accurately to the defined theory of deflection seen in Macauley’s method.

It could also be interesting to carry out the experiment with more than one of each beam to see how consistent the set up is. For example, if two steel beams were tested separately and different results were documented, there may be discrepancies in the material itself or the process of setting up the beam in the fixture may have an effect. 

Another recommendation would be to use a more accurate dial indicator for taking the deflection measurements. The one used in this experiment was fixed to the work panel with a magnet and was difficult to read. It would be useful to have a reader that could be fixed rigidly and possibly provide readings digitally to avoid chance of human error. 
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Calculated Deflection of Metal Beams

Aluminium	0.05	0.1	0.15	0.2	1.3889127051179666	2.7778254102359332	4.1667381153538994	5.5556508204718664	Brass	0.05	0.1	0.15	0.2	0.91271406336323513	1.8254281267264703	2.7381421900897052	3.6508562534529405	Mild Steel	0.05	0.1	0.15	0.2	0.47917488326569846	0.95834976653139692	1.4375246497970955	1.9166995330627938	Mass, m (Kg)


Deflection, y (mm)




Measured Deflection of Metal Beams

Aluminium	0.05	0.1	0.15	0.2	1.31	2.72	4.38	5.5	Brass	0.05	0.1	0.15	0.2	0.81	1.8	2.71	3.67	Mild Steel	0.05	0.1	0.15	0.2	0.45	0.88	1.46	1.87	Mass, m (Kg)


Deflection, y (mm)
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