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[bookmark: _Toc218448236]1 	Introduction
The primary aim of this assignment is to investigate how different materials are affected by torsion, which is the twisting of an object due to an applied torque. In engineering, understanding the relationship between the force applied and the resulting deformation is critical for the safe design of mechanical components. This experiment focuses on determining the Modulus of Rigidity, also known as the Shear Modulus, which serves as a numerical representation of a material's stiffness and its ability to resist torsional deformation.
To determine this value accurately, the general torsion equation must be utilized and rearranged. This mathematical process allows the experimental data, such as the applied load and the measured angle of twist, to be converted into a format where the Modulus of Rigidity can be identified as the gradient of a linear graph. By performing this on samples of Mild Steel, Aluminium, and Brass, the experiment highlights how different materials respond to the same external forces.
This report includes a detailed overview of the experimental procedure, the presentation of raw laboratory data, and a comprehensive analysis using graphical methods. The experimental findings will be compared to established data in order to validate the accuracy of the results and to confirm the identity of each material based on its mechanical performance.


[bookmark: _Toc218448237]2 	Experimental Procedure
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[bookmark: _Toc218448238]2.1 	Setting up Experiment
This required the work board to be prepared. A fixed chuck and a rotating chuck were attached in order to secure the sample. An Allen key was used to loosen the grubscrews on both chucks before inserting the sample. The sample was then pushed through the fixed chuck and fully into the rotating chuck. Once positioned correctly, the grubscrews on the fixed chuck were tightened. Before tightening the grubscrews on the rotating chuck, the chuck needed to be zeroed. To do this, the dial was set to 0 degrees. The grubscrew was loosened to prevent twisting the sample while adjusting the torque arm. The mark on the cursor was aligned with the 0-degree mark on the dial, after which the grubscrews were tightened to secure the rotating chuck.Figure 2-1 - torque arm at about 15degrees


[bookmark: _Toc218448239]2.2 	Conducting experiment
[image: A diagram of a work panel]Each sample was identified and the diameter of each rod measured and recorded. These values were then used to calculate the required polar second moment of Area (J). The first sample (brass) was secured in the chucks, ensuring the rotating chuck was set to 0 degrees. Weights were added to the working arm in 100 g increments to apply torsion to the sample. A maximum load of 500 g was used (reduced to 400 g for aluminium) to avoid permanent deformation (beyond elastic limit). After each weight was applied, the resulting angle of twist was observed on the rotating arm and recorded. This process was repeated for each load (e.g. 100 g, 200 g, etc.). The entire procedure was then carried out for each remaining sample.
Figure 2-2 - Diagram of the experiment Anon (n.d.)
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The experiment measured the angle of twist produced in different materials when subjected to increasing applied loads. Three materials were tested: brass, aluminium, and steel. All measurements were recorded directly from the equipment during the experiment and are shown without any further processing.

[bookmark: _Toc218448241]3.1 	Brass Results
Table 3-1 shows the angle of twist for the brass sample under the applied loads.
Table 3-1 - Brass Results from Lab
	Brass

	Load (m) (g)
	Twist angle (degrees)

	100
	5.1

	200
	11.5

	300
	17.2

	400
	23

	500
	29.5



[bookmark: _Toc218448242]3.2 	Aluminium Results
Table 3-2 shows the angle of twist for the brass sample with the applied loads.
Table 3-2 - Aluminium Results from Lab
	Aluminium

	Load (m) (g)
	Twist angle (degrees)

	100
	7.5

	200
	15.5

	300
	23.0

	400
	31.0

	500
	29.5



[bookmark: _Toc218448243]3.3 	Steel Results
Table 3-3 shows the results of the angle of twist from the steel with increasing loads.
Table 3-3 - Steel Results from Lab
	Steel

	Load (m) (g)
	Twist angle (degrees)

	100
	3.0

	200
	4.5

	300
	7.5

	400
	10.0

	500
	13.0
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In order to investigate the relationship between the applied load and the angle of twist for each of the materials tested, it is necessary to plot the product of the torque and bar length against the product of  the resultant twist and the polar second moment of area. Microsoft Excel was used to process the raw data and to produce three graphs. The gradient of each graph was then determined, and this was then used to calculate the value of G for each material tested.
[bookmark: _Toc218448245]4.1 	Brass
Table 4-1 - The calculated data from Brass
	Load (m) (g)
	Load (W) (N)
	Torque (T) (Nm)
	Twist angle (degrees)
	Twist angle (ϑ) (radians)
	TL
	Jϑ

	100
	0.98
	0.098
	5.1
	0.09
	0.333
	0.807

	200
	1.96
	0.196
	11.5
	0.20
	0.666
	1.820

	300
	2.94
	0.294
	17.2
	0.30
	1.000
	2.723

	400
	3.92
	0.392
	23
	0.40
	1.333
	3.641

	500
	4.9
	0.49
	29.5
	0.51
	1.666
	4.670

	Material: Brass
	L=0.34m
	D=3.1mm
	J=9.07 
	 



Figure 4-1 Graph from Brass Data
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Table 14-2 – The Calculated Data of Aluminium
	Load (m) (g)
	Load (W) (N)
	Torque (T) (Nm)
	Twist angle (degrees)
	Twist angle (ϑ) (radians)
	TL
	Jϑ

	100
	0.98
	0.098
	7.5
	0.131
	0.033
	1.187

	200
	1.96
	0.196
	15.5
	0.271
	0.067
	2.454

	300
	2.94
	0.294
	23.0
	0.401
	0.100
	3.641

	400
	3.92
	0.392
	31.0
	0.541
	0.133
	4.907

	Material: Aluminium
	L=0.34m
	 
	D=3.1mm
	J=9.07
	 





Figure 4-2 - Graph from Aluminium Data
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Table 24-3 – The Calculated Data from Steel
	Load (m) (g)
	Load (W) (N)
	Torque (T) (Nm)
	Twist angle (degrees)
	Twist angle (ϑ) (radians)
	TL
	Jϑ

	100
	0.98
	0.098
	3.0
	0.052
	0.033
	0.475

	200
	1.96
	0.196
	4.5
	0.079
	0.067
	0.712

	300
	2.94
	0.294
	7.5
	0.131
	0.100
	1.187

	400
	3.92
	0.392
	10.0
	0.175
	0.133
	1.583

	500
	4.9
	0.49
	13.0
	0.227
	0.167
	2.058

	Material: Steel
	L=0.34m
	 
	D=3.1mm
	J=9.07
	 



Table 4-3 - Graph from Steel Data
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The primary objective of this experimental investigation was to determine the Shear Modulus (G) for three distinct metal rods: Mild Steel, Aluminium, and Brass. It was also to validate the accuracy of the findings in the lab, against ones provided in the textbook. The validity of the experiment is predicated on the direct comparison between the experimental gradients derived in the analysis section and the established theoretical values provided for these specific alloys.
The experimental analysis shows specific numerical values for the Shear Modulus of each rod. Table 5-1 shows the lab result compared to the textbook data. For Brass, the shear modulus for the lab data is similar to the data from the textbook. For Aluminium, the lab data is also very much like the textbook data. For steel, the lab results and textbook data are even closer than the others.
Table 5-1 - Lab Results and Textbook Data
	Material
	Lab Result (GPa)
	Textbook Data (GPa)

	Brass
	34.89
	38.00

	Aluminium
	27.00
	25.5

	Steel
	81.70
	79.6



[bookmark: _Toc218448249]5.1 Validation of Experimental Methodology
The validity of the results is further supported by the linearity of the graphs. In Section 4, each of the plots of TL versus Jϑ shows a nearly perfect linear trendline. This linearity is critical as it confirms that all three materials were tested within their elastic regions, ensuring that the Shear Modulus was calculated based on proportional deformation. Overall, the material stiffness remained consistent across the lab and textbook data.
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[bookmark: _Toc218448251]6.1 Measurement Accuracy, Human Error and Set Up
One of the main sources of error in this experiment is the measurement of the angle of twist. The angular displacement was read from a scale, which introduced the possibility of human error. To minimise this, all readings were taken at eye level and only after the system had fully settled under each applied load. Measurements were recorded carefully before increasing the load further. Another potential source of error was slippage or misalignment of the metal rod within the chucks, particularly at higher loads. This may have resulted in inaccurate angular displacement readings. To reduce this risk, the specimen was securely clamped, and alignment checked before testing began. Additionally, standard lab masses were used to ensure consistency in the applied loads.

[bookmark: _Toc218448252]6.3 Calculation Assumptions and Apparatus Limitations
Further inaccuracies may arise from assumptions made during calculations, such as measuring diameters. To minimise dimensional errors, the diameter of each rod was measured at several points, and an average value was used when calculating the polar moment of inertia. There may have been negligible frictional forces which were reduced by ensuring the apparatus was correctly assembled.
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[bookmark: _Toc218448254]7.1 Improved Measurement Techniques
The accuracy of the experiment could be improved by replacing manual measurement methods with digital sensors. A digital torque sensor could be used to directly measure applied torque rather than calculating it from applied mass. In addition, a digital angular displacement sensor could be used to measure the angle of twist more precisely, reducing human reading errors and improving repeatability. These improvements would significantly increase the accuracy of the calculated shear modulus values.

[bookmark: _Toc218448255]7.2 Increased Data Collection and Repeat Testing
The reliability of the results could be further improved by increasing the number of data points collected for each material. Using smaller load increments would allow a more detailed analysis of the linear elastic region. Repeating the experiment multiple times for each material and averaging the results would also help to reduce random errors and improve confidence in the calculated gradients. This would lead to more accurate and consistent shear modulus values.

[bookmark: _Toc218448256]7.3 Extended Material Testing and Controlled Conditions
Further work could include testing a wider range of materials, such as different metal alloys or non-metallic materials, to allow broader comparison of torsional properties. Specimens with varying diameters and lengths could also be tested to investigate the influence of geometry on torsional behaviour. Additionally, conducting the experiment under controlled environmental conditions, such as constant temperature, would improve consistency, as material properties can vary with temperature. These improvements would enhance the validity and scope of the experiment.
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