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Torsion is the mechanical loading condition where a twisting force is applied to a beam in a mechanism. This force is a common daily occurrence in the world of engineering as many things have twisted forces applied to them, such as engine components in cars and aircrafts.
When torque is applied to a shaft, shear stresses are applied throughout the cross section, leading to angular deformation, known as twist angle. If the material that is being twisted stays within its elastic limit, then the relationship between the applied torque and twist angle is linear.
The shear modulus (G) is a property that defines a materials resistance to shear deformation (twisting) while the material remains within its elastic limit. This relates shear stress to shear strain and is a key part of the design process and analysis of torsionally loaded components. 
The aim of the experiment is to determine the shear modulus (G) of a circular shaft using the “ES5 torsion of circular shafts” apparatus by recording the relationship between applied torque and angle of twist and to compare this collected data with publicly available data.


[bookmark: _Toc218441924]Experimental Procedure
This experiment was completed using the ES5 torsion of circular shafts apparatus located in the engineering science laboratory (room IQ007). A circular shaft was mounted horizontally between the fixed and rotating ends of the rig to be able to investigate the torsional behaviour while under load (Figure 1).
[image: ]
Figure 1  - APPENDIX GA36a
Method
1. Identify and measure the chosen shaft.
2. Measure the diameter of the selected shaft using digital callipers
3. Measure the length of the selected shaft
4. Record these values in a table
5. Mount the selected shaft in the ES5 torsion of circular shafts apparatus
6. Secure one end of the shaft in the fixed chuck, with the other in the rotating head opposite, connected to the angle scale
7. Make sure the shaft has no initial twist or torsional force applied before adding mass onto the rotating head of the apparatus (Figure 2)
8. Once this has been verified that there is no pre-applied force on the shaft, add mass in 100g increments to the hangar attached to the rotating head, and record the twist angle in a table while repeating this until the total mass applied reaches 500g (400g for aluminium)
9. Remove all loads and swap the shaft to a different material
10. Repeat all steps for shafts of aluminium, brass and steel.
[image: ]
Figure 2 – Apparatus of experiment 
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	Load (g)
	Load (N)
	Torque (Nm)
	Twist angle (°)
	Twist angle (rad)
	TL (Nm·m)
	Jθ (m⁴·rad)

	100
	0.981
	0.0981
	6
	0.10472
	0.03335
	9.49E-13

	200
	1.962
	0.1962
	11.5
	0.20071
	0.06671
	1.82E-12

	300
	2.943
	0.2943
	17.9
	0.31241
	0.10006
	2.83E-12

	400
	3.924
	0.3924
	23.5
	0.41015
	0.13342
	3.72E-12

	500
	4.905
	0.4905
	30
	0.5236
	0.16677
	4.75E-12


Table 1 
Table 1 shows the recorded torque and angle of twist results for the brass shaft
	Load (g)
	Load (N)
	Torque (Nm)
	Twist angle (°)
	Twist angle (rad)
	TL (Nm·m)
	Jθ (m⁴·rad)

	100
	0.981
	0.0981
	7
	0.12217
	0.03335
	1.42E-12

	200
	1.962
	0.1962
	14.5
	0.25307
	0.06671
	2.94E-12

	300
	2.943
	0.2943
	22.3
	0.38921
	0.10006
	4.51E-12

	400
	3.924
	0.3924
	30
	0.5236
	0.13342
	6.07E-12


Table 2 
Table 2 show the recorded torque and angle of twist for the aluminium shaft
	Load (g)
	Load (N)
	Torque (Nm)
	Twist angle (°)
	Twist angle (rad)
	TL (Nm·m)
	Jθ (m⁴·rad)

	100
	0.981
	0.0981
	2
	0.03491
	0.03335
	3.17E-13

	200
	1.962
	0.1962
	4.5
	0.07854
	0.06671
	7.12E-13

	300
	2.943
	0.2943
	7
	0.12217
	0.10006
	1.11E-12

	400
	3.924
	0.3924
	9.7
	0.1693
	0.13342
	1.54E-12

	500
	4.905
	0.4905
	12.5
	0.21817
	0.16677
	1.98E-12


Table 3
Table 3 shows the recorded torque and angle of twist for the steel shaft.
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Here, the experimental torsion data will be analysed to be able to determine the shear modulus (G) of each material. The relationship between the applied torque and the angle of twist was tested using the torsion equation (), and graphs were used to receive a reliable value of the shear modulus.

For a cylindrical shaft under elastic (meaning able to return to its original dimensions/shape) torsion, the torque is directly proportional to the angle of twist. This can be understood by rearranging the torsion equation () showing that torque changes linearly with angular displacement, allowing the shear modulus to be determined from the graph using the gradient of the line produced from the results when rearranged into . This is because when compared to the y=mx+c (equation of a straight line) the torque and the angle of twist would be plotted on the Y and X axis respectively, meaning the gradient of the line would be equal to . This allows the shear modulus to be determined from the gradient of a torque against angle of twist graph by using the equation .


Figure 3
Figure 3 is a graph which shows the relationship between the applied torque and the angle of twist for the brass shaft. The linear relationship indicates elastic torsional behaviour (meaning able to return to its original form, shape and size). The gradient of the trendline was used to determine the shear modulus of the material.

Figure 4
In Figure 4, the relationship between applied torque and angle of twist can be seen for the aluminium shaft. This linear relationship also indicates elastic torsional behaviour, as well as the gradient of the trendline being used to determine the shear modulus of the aluminium shaft used.

Figure 5
In Figure 5, the relationship between the applied torque and the angle of twist has been plotted for the steel shaft, showing that elastic torsional behaviour is being followed. The gradient of the trendline has been used to determine the shear modulus of the steel shaft.
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Calculating G
By using the equation   the final G value can be calculated. The value of L for all shafts was measured to be 0.34m. the J value is the polar second moment of area, which describes the shafts resistance to torsional deformation in . The calculation for J is , where D is the measured diameter of the shaft in meters. So, when calculated, the J value is  for brass and steel but is  for aluminium.
From this, a final G value can be calculated by using   . giving the answers of,  or 35.1GPa for brass, Pa or 21.4GPa for aluminium and  for steel. These results agree with publicly released data which typically for brass is between 35-45GPa, between 28-28GPa for aluminium and between 75-85GPa for steel. The overall aim of this experiment, was to determine the shear modulus of cylindrical shafts under torsional loading, was successfully completed and achieved. The linear torque/angle relationships indicate that the experiment remained within the elastic region of the materials, validating the use of the torsion equation.





[bookmark: _Toc218441928] Evaluation
A few sources of experimental uncertainty are the angle scale resolution, human reading error (parallax errors) and small twist angle.  The angle scale resolution was particularly significant for the steel shaft where small angle displacements were recorded. Since the angle of twist appears in the denominator of the torsion equation, the small measurement errors can lead to large variations in the calculated shear modulus values.
More uncertainties could lie in the slight misalignment of the shafts or the actual clamping system bending and absorbing some of the torque from the shafts. Any deformation within the apparatus would affect the measured angular displacement, resulting in an incorrect measurement of the angle of twist and a change in the final result for the calculated value of G.
To reduce and minimise experimental errors, the angular scale was zeroed prior to testing, the loads were applied gradually, and in consistent increments. Care was taken to ensure that the shafts were aligned correctly, or as far as is possible with the human eye, and all measurements were taken within the elastic region of the materials to ensure the validity of the torsion equation, as well as multiple students measured and calculated each of the results to verify the validity of the results used for the data.
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If more time and resources were available to conduct this experiment, further work could include the use of a digital angular displacement measurement device, to improve accuracy and reduce the total human error of the experiment. Repeating each test multiple times to calculate an average from the results would improve reliability and accuracy of the results. Testing additional materials and increasing the number of load increments, or the magnitude of the load applied to the shafts would also provide a larger and more comprehensive understanding of the torsional behaviour of the materials chosen.`	
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Torque v twist angle for brass

data set 1	
0.10471999999999999	0.200713	0.31241400000000003	0.41015200000000002	0.52359900000000004	9.8100000000000007E-2	0.19620000000000001	0.29430000000000001	0.39240000000000003	0.49049999999999999	Twist Angle (rad)


Torque (Nm)



torque v twist angle for aluminium

data set 1	
0.122173	0.25307299999999999	0.389208	0.52359900000000004	9.8100000000000007E-2	0.19620000000000001	0.29430000000000001	0.39240000000000003	Twist Angle (rad)


Torque (Nm)



torque v twist angle for steel

data set 1	
3.4907000000000001E-2	7.8539999999999999E-2	0.122173	0.169297	0.218166	9.8100000000000007E-2	0.19620000000000001	0.29430000000000001	0.39240000000000003	0.49049999999999999	Twist Angle (rad)


Torque (Nm)
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