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1. Introduction
The aim of this experiment is to determine the shear modulus of a circular shaft using the torsion of circular shaft kit ES5, where torque is applied incrementally and a resulting angle of twist is recorded. The recorded shear modulus is then compared with published materials data to assess the accuracy of the experiment. Torsional force is commonly experienced by circular components within engineering applications such as drive shafts and crankshafts. When a shaft is subject to a torque it experiences angular deformation due to the sheer stresses acting across its cross section. Each material has a shear modulus which defines the resistance of the material to shear deformation, which controls the relationship between applied torque and angular twist.


2. Experiment Procedure
[image: ][image: ]To set the experiment up we assembled the Torsion of Circular Shafts kit ES5 as shown in the image below (Figure 1) with both chucks securely mounted to the metal frame and insert either the brass, aluminium or steel bar through the fixed chuck from the right and all the way into the rotating chuck on the left and tighten down the grub screws. Next zero the rotating chuck by ensuring the grub screws are loose and align the 0 mark on the torque arm scale with the mark on the transparent cursor and tighten the grub screws (Figure 2). Next a load will be applied using weights in 100g increments on the string below the torque arm scale to ensure the shaft was not deformed during the experiment to avoid twisting beyond its elastic limit. (Figure 3)





Figure 2
Figure 1
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AI-generated content may be incorrect.][image: ]Once the torsional twist has been recorded 5 times and the load has reached 500g the bar will then need to be removed from the chucks and its diameter measured using a vernier caliper and its length measured with a steel rule (Figure 4). The process is then repeated for the other 2 materials.






Figure 4
Figure 3


3. Results
The tables below show the raw data that was collected during the experiment on twist angle when multiple loads were applied to three different materials. From each material we can see that the alloy composition greatly affects its torsional stiffness when under load.

	Load (m)
(g)
	Twist Angle
(Degrees)

	100
	6.5

	200
	12.5

	300
	18

	400
	24

	500
	31

	Material: Brass
	D = 3.1mm



	Load (m)
(g)
	Twist Angle
(Degrees)

	100
	8.5

	200
	16

	300
	23.5

	400
	31

	Material: Aluminium
	D = 3.1mm



	Load (m)
(g)
	Twist Angle
(Degrees)

	100
	3

	200
	5.5

	300
	8

	400
	11

	500
	14

	Material: Steel
	D = 3.2mm




4. Analysis
From the data gathered during the experiment we can then complete the table below by converting the load to kg which is done by dividing by a thousand and then multiplying by 9.81 to give Force (N) and then multiplying by 0.1 to give torque (Nm). The following step is to convert degrees to radians which is the equivalent to 57.29 degrees, which is achieved by multiplying the degrees by π/180. J can then be calculated by using πd^4/32. From this Jθ can then be calculated using J x radians. TL can then be found for each load using T x 0.34 which will complete the table.
This data is then plotted on a graph with TL on the Y axis and Jθ on the X axis, using this the gradient equation can then be found and used to determine the shear modulus of the material. Although the gradient of TL and Jθ has been scaled by 10^-12 and was calculated as 0.0333 for Brass, it will need to be multiplied by 10^12 = 3.33 x 10^10 over x10^9 = 33.3Gpa which is the shear modulus for Brass.
This method was then repeated for all three materials to calculate the shear modulus which is demonstrated in the table below using the linear line plotted by TL and Jθ. Plotting TL against Jθ arranges the torsion equation into linear form where the gradient of the plotted line is equal to the shear modulus. The linear lines shown in all graphs indicate the shafts behaved elastically throughout the load range, this correlates to the assumptions of torsion theory and validates the use of calculated gradients.
The graphs below demonstrate that data plotted follow a linear trend which indicates that the data gathered during the experiment is accurate and follows the trend of previously published results.
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5. Conclusion
The Torsion of Shafts experiment was performed within a laboratory environment using a Torsion of Circular Shafts Kit ES5 and three metals namely Brass, Aluminium and Steel, with the aim of determining the shear modulus of each circular shaft. From the data gathered during the experiment we can see that each material had a vastly different shear modulus due to their unique properties and elastic behaviour.
When comparing the result that was obtained during the experiment it was found that the shear modulus for steel was the highest out of the three and was found to be close to published results of 77GPa (Bao et al., 2014) with a result of 67.9GPa. The Aluminium produced a significantly lower shear modulus which is consistent with its known material properties. From the experiment a shear modulus of 28.1GPa was found which is slightly above published results of 26Gpa (Wilson, 2025) but this may be due to a slightly different grade of aluminium used. Brass was found to have a slightly higher sheer modulus than aluminium at 33.3GPa which is as expected due to its slightly harder metal compound. Published resources show that brass generally has a shear modulus of 39GPa (AZoM, 2013) which is higher than the results from the experiment but this could again be down to the metal compound giving a higher shear modulus. 
Overall the differences in experiment results and published results may be down to inaccurate measurements, equipment limitations, material temperature, mathematical errors or different metal compounds. However the data from the experiment has successfully demonstrated the principles of shear modulus of circular shafts and has provided realistic results. This confirms that the Torsion of Circular Shafts Kit ES5 is suitable and reliable for determining the shear modulus for various materials. The shear modulus is a critical design parameter in rotating components as it controls torsional stiffness and angular deflection under load capabilities. Excessive twist can lead to failure as a result of vibration or misalignment making accurate shear modulus recording vital in mechanical and automotive engineering applications.


6. Evaluation
Whilst conducting the experiment several errors could have occurred which would influence the accuracy of the results. The most significant error that could have occurred was the incorrect measuring of the shaft diameter which is multiplied to the power of four to give J, if there is an error it will also get multiplied to the power of 4. This error was prevented by performing multiple measurements of the shaft to ensure the diameter recorded was correct. Errors in angular displacement scale could have also occurred such as backlash in the mechanism or incorrect adjustment of the cursor, this was prevented by careful alignment of the cursor and slow application of the load to reduce the effect. The grub screws could have also caused an error by absorbing some of the applied torque instead of the shaft or allowing the shaft to slip. This error was controlled by re setting the angle scale if the bar had slipped within the chucks.
Despite these potential errors, the linearity and overall consistency of the results indicates that the errors were controlled sufficiently to conduct the experiment successfully.


7. Further Work
To further improve the accuracy, reliability and efficiency of the experiment, several improvements and variations could be made, one of these could be incorporating the use of a torque transducer and rotary encoder to accurately measure the applied torque and angular displacement of the shaft. Multiple tests performed over a longer period of time would provide a higher number of recorded results, which would then provide a more meaningful result average enhancing the reliability of the experiment. A further improvement would be to perform the experiment in varying temperature conditions and using materials with varying degrees of corrosion which may provide more realistic experimental results relating to real world engineering applications. The experiment could also be taken further by adding different steel alloys to the testing that would be used on rotational components such as drive shafts and crankshafts. 
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