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[bookmark: _Toc218006233]Introduction 
This assignment aims to carry out an experiment to find the torsion produced when torque is applied to three different shafts of different materials when the load applied is gradually increased. According to Costa (2023) torsion “involves the rotation of an object around its longitudinal axis, causing shear stress over its cross section” so by doing this experiment values for the materials tested should be calculated and available for analysis. After conducting the experiment, the procedure taken to complete it will be explained, followed by the results, analysis and validation and further backed by evaluating the risk elimination used and how it could be made better in the future. 



[bookmark: _Toc218006234]Experimental Procedure
This section of the assignment will be focusing on the procedures followed to carry out the experiment, firstly starting with the setup of the work panel. For this the two screws will need to be taken out from the back from the rotating and fixed chucks, holding them in position on the work panel while ensuring that the top screw hole is on the fourth hole down from the top and screwing them back in. The next step is to measure the diameters of the shafts, noting down each of them in their respective table. Next, loosen the grubscrews of both chucks and slide in the brass shaft from the outer side of the fixed chuck and tighten the chucks while holding the rotating chuck’s gauge and in turn setting it to zero which can be seen in Figure 1 and 2. Then using the hook from the weight holder, hook through the hole at the end of the wire and add an initial weight of 100g and note down the twist angle shown on the rotating chuck in the table provided. Complete that step again while increasing the weight in 100g increments until it has reached 500g, noting down the value on the chuck for each increment. Repeat these steps for the aluminium and steel shafts, however when adding the weight, do not go over 400g as it may twist the shaft above the elastic limit and become deformed.
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[bookmark: _Toc218385959]Figure 2 - Rotating chuck
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[bookmark: _Toc218378204]Table 1 - Brass Results
	Material = Brass
	L = 0.34m
	D = 3.5mm
	J = 1.47*10^-11 (m^4)

	Load (m) (g)
	Load (W) (N)
	Torque (T) (Nm)
	Twist Angle (degrees)
	Twist Angle (⍬) (radians)
	TL
	J⍬

	100
	0.98
	0.098
	6
	0.105
	0.033
	1.544

	200
	1.96
	3.43
	11.5
	0.201
	1.166
	2.955

	300
	2.94
	5.15
	17.5
	0.305
	1.751
	4.484

	400
	3.92
	6.86
	23.5
	0.41
	2.332
	6.027

	500
	4.91
	8.59
	29.5
	0.515
	2.921
	7.571
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Table 2 - Aluminium Results
	Material = Aluminium
	L = 0.34m
	D = 3.2mm
	J = 1.03*10^-11 (m^4)

	Load (m) (g)
	Load (W) (N)
	Torque (T) (Nm)
	Twist Angle (degrees)
	Twist Angle (⍬) (radians)
	TL
	J⍬

	100
	0.98
	0.098
	8
	0.14
	0.033
	1.442

	200
	1.96
	3.14
	15.5
	0.271
	1.068
	2.791

	300
	2.94
	4.7
	23.5
	0.41
	1.598
	4.223

	400
	3.92
	6.27
	31
	0.547
	2.132
	5.634
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Table 3 - Steel Results
	Material = Steel
	L = 0.34m
	D = 3.1mm
	J = 9.07*10^-11 (m^4)

	Load (m) (g)
	Load (W) (N)
	Torque (T) (Nm)
	Twist Angle (degrees)
	Twist Angle (⍬) (radians)
	TL
	J⍬

	100
	0.98
	0.098
	2.5
	0.044
	0.033
	0.399

	200
	1.96
	3.04
	5
	0.087
	1.034
	0.789

	300
	2.94
	4.557
	7.5
	0.131
	1.549
	1.188

	400
	3.92
	6.08
	10
	0.175
	2.067
	1.587

	500
	4.91
	7.61
	12.5
	0.218
	2.587
	1.977
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[bookmark: _Toc218385961]Figure 4 - Graph showing TL vs J⍬ of Brass

[bookmark: _Toc218385962]Figure 5 - Graph showing TL vs J⍬ of Aluminium

[bookmark: _Toc218385963]Figure 6 - Graph showing TL vs J⍬ of Steel

[bookmark: _Toc218385964]Figure 7 - Graph showing the Twist Angle at different Load values
From the results gained in the experiment the graphs above were created to provide a visual of the results allowing further analysis. As you can see, they all follow a positive linear line showing that all of the materials acted as they were expected to when under load. The gradients that are shown at the top of the graphs are the values for G (Shear Modulus) for each of the materials and show that the strongest material of the three was Steel as more Torque is needed to twist the shafts as shown from the steeper gradient on the graphs, followed surprisingly by Aluminium and then Brass, showing potential errors in the experiment as Brass is typically a stronger material with a higher Shear Modulus.
When adding trendlines to the graphs, it shows that Steel was the most accurate test taken as the points on the graph do not veer as far away from the trendline as much as the others are. It also shows that the Steel and Brass material’s trendlines pass through the 0,0 mark on the graphs with only Aluminium not, having a small negative y-intercept which may be down to slight inaccuracies when conducting the experiment potentially from not ensuring the system stays zeroed throughout for example.
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Conclusion
When comparing the calculated G values to the values given in the guidance booklets it is shown that the Aluminium and Steel materials are within the 10% error percentage that is to be expected, the values being -5.490% and 6.030% respectfully. The brass material when tested has shown to be a much larger error percentage and does not fit in that expected range with a value of -41.842%. 
This could have been down to a few reasons like not tightening the shaft in the chuck properly or the zeroing of the gauge on the chuck may not have been accurate and not checked in between adding higher loads to the shaft. However, the main reason may have been an inaccurate measurement of the diameter of the shaft. This value gets multiplied to the power of 4 when working out the value for J meaning that if this figure is wrong it then gets multiplied by 4 and then the value found is even more incorrect. 
[bookmark: _Toc218378207]Table 4 - G Values and their Error Percentages
	Material
	Equation
	G Value
	Theory G Value 
	Error %
	Rounded Error %

	Brass 
	y = 0.0221x + 0.0004
	22.1
	38
	-41.84210526
	-41.842

	Aluminium
	y = 0.0241x - 0.0012
	24.1
	25.5
	-5.490196078
	-5.490

	Steel
	y = 0.0844x - 0.0003
	84.4
	79.6
	6.030150754
	6.030



Brass
Expected G Value = 38GPa
y = 0.0221x + 0.0004
0.0221x1012Pa = 22.1GPa
Error % = x100 = -41.842%

Aluminium
Expected G Value = 25.5GPa
y = 0.0241x - 0.0012
0.0241x1012Pa = 24.1GPa
Error % = x100 = -5.490%
Steel
Expected G Value = 79.6GPa
y = 0.0844x - 0.0003
0.0844x1012Pa = 84.4GPa
Error % = x100 = 6.030%
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Throughout the experiment there are different methods followed in order to reduce the amount of errors experienced firstly by zeroing the rotating chuck when fitting and tightening the shafts in place, followed by testing the zero to ensure that when putting loads onto the cord it then returns to zero when taking it off again. The next step taken was being careful and not rushing the actions when conducting the experiment, ensuring to gently lower the weight onto the weight hangers and not dropping them on. When measuring the dimensions of the shafts they were measured by more than one person so that errors may be discovered if there are any. Furthermore, when taking readings from the rotating chuck it was double checked to ensure validity. With the Aluminium shaft there were precautions taken by only loading 400g at max on the weight hanger as it “may accidentally twist the rod beyond its elastic limit” TecQuipment Ltd (2012).


[bookmark: _Toc218006239]Further Work
In the future if the experiment were to be conducted again with unlimited time and resources, changes could be made to make the experiment better. The first and main change made would be to make it more applicable to the motorsport world and use potential driveshafts being considered for use in the vehicle, allowing the engineers to have a better understanding of how the shafts perform under torsion. Another improvement could be to use a wider range of materials not just the three materials that were used and possibly different diameters of the same materials to see the differences that the diameter of the shaft has. 
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Steel TL vs J⍬


tl	
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Twist Angle vs Load

Brass	100	200	300	400	500	6	11.5	17.5	23.5	29.5	Aluminium	100	200	300	400	8	15.5	23.5	31	Steel	100	200	300	400	500	2.5	5	7.5	10	12.5	Load (Grams)


Twist Angle (Degrees)




Brass TL vs J⍬ 
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Aluminium TL vs J⍬


TL and J	
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