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[bookmark: _Toc218436522]	Introduction
This report examines how different metals—Brass, Aluminium, and Steel react to torsional (twisting) forces. The aim is to calculate the Modulus of Rigidity (G) for each material. This value indicates how stiff a material is when twisted. In engineering, torsion occurs in things like car drive shafts and aircraft propellers. When these parts twist, the internal atoms slide against one another, causing shear stress. The amount the part actually deforms depends on its material properties (G) and its shape, known as the Polar Second Moment of Area (J). By applying weights to a torque arm and measuring the resulting twist angle, it can be observed that a linear relationship exists between the applied force and the resulting deformation. This helps to identify which materials are best for high-stress machinery, where keeping a precise shape is essential.


[bookmark: _Toc218436523]Experimental procedure 

The procedure for this experiment was carried out in groups of 5. The experiment involves securing a cylindrical rod in the torsion apparatus. One end is held in a fixed chuck while the other is attached to a rotatable torsion head. 
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AI-generated content may be incorrect.]Image 2.1- Zeroing our scale.                                            Image 2.2- Fixing the test piece into the chuck 
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AI-generated content may be incorrect.] Then, it is possible to measure and record the effective length at 0.34m and the specimen diameter to calculate the polar second moment of area J. The protractor scale can then be zeroed, and a Image 2.3- Complete apparatus setup                               Image 2.4- Method Diagram 

Series of incremental loads can be added to a hanger on the torsion head’s 0.1 radius torque arm. The initial load will be 100 grams, increasing in 100-gram increments.                                                                           Image 2.5- 10g cylindrical mass being added. 
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The angular displacement is then observed and recorded for each load in degrees. This procedure is then repeated for the Brass, Aluminium, and Steel specimens, ensuring that the rods remain within their elastic limits. ( Only weigh Aluminium to 400g to prevent excess stretching) See Image 2.6 and 2.7 below. The Data is then converted into SI units by changing mass to Newtons, torque to Newton-meters, and degrees to radians. This conversion enables a graphical analysis of TL versus Jθ to determine the modulus of rigidity G.
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AI-generated content may be incorrect.]Image 2.6- 100g added                                                         Image 2.7- 500g added. 
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[bookmark: _Toc218436524]Raw data and results 
[bookmark: _Toc218436525]Brief
Throughout the experiment, data was collected on all aspects of the experiment as accurately as possible. It was recorded in the provided booklets. The data recorded was the twist angle in degrees and the diameter of each rod, with accuracy for the twist angle being two decimal places, the diameter rounded to 1 decimal place and converted to metres 
[bookmark: _Toc218436526]Raw Data (Brass)
Image 3.1- Obtained Results (Brass)
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As can be seen in the raw data, the twist angle in degrees increases fairly uniformly, with around 6 degrees extra twist per 100g of mass added. This uniform increase is a clear sign that the experiment was a success. The Diameter can be measured using vernier callipers to provide the best accuracy.
[bookmark: _Toc218436527]Raw Data (Aluminium)
[image: A close up of a table

AI-generated content may be incorrect.]
This is the raw data for aluminium; the load is limited to 400g to avoid excessive stretching of the test piece due to aluminium's low elastic limit and its yield point as low as 275 MPa (Amesweb and Callister, 2007). As can be seen in the raw data, the twist angle in degrees increases fairly uniformly once again, with around 7-8 degrees of twist per 100g of mass added. This uniform increase is again a clear sign that the experiment was a success. The diameter is again measured using a vernier calliper.
[bookmark: _Toc218436528]Raw Data (Steel)
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The raw data for steel are interesting, as the twist angle increases in perfect, uniform increments of 2.5 degrees per 100g of mass added. The data are accurate because the apparatus was zeroed before each mass addition. The diameter is measured again, as in 3.3 and 3.2.
[bookmark: _Toc218436529]Why The Raw Data Differs 
The difference in twist angles observed across the three samples stems from their varying material stiffness, specifically their resistance to shear deformation. While the torque, rod length, and diameter stayed the same, each material's atomic structure and bonding strength shaped its response to the load. (Shopify API, 2025) For example, the steel rod exhibited the smallest twist angle due to its high rigidity, while the aluminium rod twisted the most (Testbook, 2026). This difference is crucial because it allows us to calculate the Shear Modulus G. The twist angle reflects the material's physical shear strain. (P.E, 2022) By measuring it, we can determine the material's stiffness and suitability for engineering applications, such as drive shafts or structural supports, where maintaining proper alignment under torsional load is crucial.
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[bookmark: _Toc218436531]Brass 
[bookmark: _Toc218436532]Spreadsheet 
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To calculate the Load (W) in Newtons, the Load is multiplied by g (9.81). This is then divided by 10 to get the torque in NM. The Twist Angle in Radians is calculated by converting the Twist Angle in Degrees to Radians. TL is calculated by multiplying torque by length (0.34m). Using this, we can calculate Jθ by using the equation   This can be seen in Cell B11 as labelled. Jθ is then calculated by multiplying the twist angle in degrees by the corresponding value for J. The process is repeated the same for aluminium and steel in 4.2 and 4.3, respectively.
[bookmark: _Toc218436533]Graph and Calculating G
To calculate the shear modulus, a graph of TL against Jθ must be plotted. This can be done using Excel.
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AI-generated content may be incorrect.]It is now possible to calculate the gradient of the graph to obtain the shear modulus. This is possible using Excel's slope function. The value obtained from the experiment for Brass is 35.73 GPa (2sf)

[bookmark: _Toc218436534]Aluminium 
[bookmark: _Toc218436535]Spreadsheet 
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[bookmark: _Toc218436536]Graph and Calculating G 
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AI-generated content may be incorrect.]The Value for the shear modulus of aluminium taken from the gradient of the graph above is 27.56 GPa (2sf)

[bookmark: _Toc218436537]Steel
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[bookmark: _Toc218436539]Graph and Calculating G
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[bookmark: _Toc218436540]Conclusion And Comparison
[bookmark: _Toc218436541]Brief
The Data obtained seems accurate at first glance; however, it must be compared to known values for the shear modulus for steel, brass, and aluminium
[bookmark: _Toc218436542]Brass
The obtained value for the shear modulus (G) of brass is 35.72 GPa. The reported shear modulus of brass is 38.0 GPa, with some sources indicating that, in some cases, it's closer to 40 GPa (Engineersedge.com, 2013). If the value provided in the assignment booklet (38 GPa) is used, then the calculated value 35.72 GPa is within 10% accuracy of the known value for G.                                             .                                           
[bookmark: _Toc218436543]Aluminium 
The shear modulus of aluminium, calculated from the gathered results, is 27.56 GPa. The value provided in the information booklet is 25.5 GPa, and online research shows that it typically has a modulus of “26 GPa”.(Engineering ToolBox, 2005) This would make the calculated value accurate to within 10% of the known value.                                                                                                                                                       
[bookmark: _Toc218436544]Steel 
Finally, the value obtained for steel is 84.33 GPa, using the calculated values of Jθ and TL to find the gradient of the graph. After researching, the shear modulus of steel is approximately 79 GPa (Engineering ToolBox, 2005). The agreed value provided in the booklet is 79.6 GPa, meaning once again the value calculated for the shear modulus of steel is accurate to within 10% of the known value
    




[bookmark: _Toc218436545]Evaluation
To eliminate experimental errors, the apparatus was carefully zeroed before each test. This removed any existing tension or offset in the protractor scale. The chance of error was decreased by making sure the line of sight was perpendicular to both the scale and needle during each reading. To address potential manufacturing variations, high-precision callipers were used to measure the specimen diameter at several points. This gave a more accurate average for the Jθ calculation. The data was analysed using a line of best fit on a TL/ Jθ graph to determine the gradient and ensure the material remained within its elastic limit.
[bookmark: _Toc218436546]
Further Work
To improve the experiment's precision, several effective methods can be used. Replacing manual measurement tools with high-resolution digital instruments, such as laser extensometers for angle tracking and digital load cells for torque application, would eliminate error and mechanical resistance. Environmental variables can be closely controlled by conducting the tests in a thermal chamber to monitor how the Shear Modulus responds to temperature changes. Finally, creating a detailed "Digital Twin" through Finite Element Analysis (FEA) (ANSYS, 2025) would enable direct comparison of real-time experimental data with computational models. This would help identify where internal stresses are concentrated within the shaft.
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