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Introduction:

Circular shafts are common in engineering and motorsport applications where torque is transmitted along them, in the form of driveshafts, axles or rotating machinery. When a shaft undergoes torque, shear stresses are induced across its cross-section, causing it to twist. The shear modulus is the property that defines the material’s resistance to shear deformation. Knowing this value is crucial to engineers during the design process to prevent detrimental failures. This experiment aimed to determine the shear modulus of a spherical specimen rod using the ES5 Torsion of Circular shafts apparatus. Torques were applied to the shafts, and the resulting angle of twist was measured and recorded, allowing for the shear modulus to be calculated.

Experimental Procedure:

The experiment was conducted using the ES5 Torsion of Circular Shafts apparatus, a circular specimen rod was mounted horizontally between the fixed chuck and rotating chuck. During this process the rotating chuck was set to zero degrees before the set screws were tightened at both ends to prevent the rod from slipping in place and throwing off the results. This can be shown in the image below:
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Torque was then applied by suspending controlled amounts of mass to the torque arm attached to the rotating chuck. Once applied and the system had stabilised from any bouncing the angle of twist was measured and recorded. Loads were applied incrementally to ensure that the material remained within its elastic range. The process was then repeated for each material to gather the required data. The process of adding mass can be seen in the images below:
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As well as this, the diameter of each specimen rod was measured using vernier callipers at various points along its length. This would be later used during the results and calculation process.

Results:

This section shows the data recorded during the experiment, also included are specimen dimensions, applied masses, calculated loads, torque and angle of twist. Below is the raw data as well as the shear modulus and polar second moment of area.
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The torsion equation was rearranged to calculate the shear modulus based on the torque, angle of twist, length and polar second moment of area. This was then used to plot the graphs shown below with J on the X axis and T on the Y axis. Trend lines were then inserted with the equation shown on the graph, the value before m in the equation can then be multiplied by 1000 to give the shear modulus in GPa.
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The above graphs display a linear relationship across all materials, although this is shown more strongly with steel and aluminium. This confirms that all materials were operating within their elastic range. As well as this the linearity indicates that Hooke’s law in shear was valid and therefore the equation can be effectively applied to calculate the shear modulus. Due to brass being a slippier material, the difference across data values may be due to the specimen sample slipping slightly within the chuck, causing minor errors across results.

Analysis and Research:

The brass specimen produced a shear modulus value of 32GPa, which is relatively close to the expected value. With some research, I discovered the shear modulus of brass to be in the range of 35-40 Gpa. (AZO, 2012) The lab data is therefore just outside of this region, however, is still in the expected ballpark. The difference is likely due to uncertainties, human error and inaccurate equipment.

The aluminium specimen produced a lower shear modulus than brass, with a value of 29 GPa, which is roughly what was expected. After research, the expected shear modulus for aluminium is between 25-27 GPa. So once again, the laboratory value is just outside this range however once again, not deviating massively. The previous reasons for inaccuracy also follow here.

The steel specimen produced the highest shear modulus with a value of 79. This was exactly to be expected, and after researching the shear modulus to be between 78-81, it fit perfectly into the expected range. (steeloncall, n.d.)

Steel exhibits smaller angles of deflection, meaning that a greater proportion of the applied torque resulted in elastic strain within the rod rather than being lost via the test rig. This resulted in more accurate results since the small errors that are amplified during calculation are mitigated. Overall, despite these minor deviations from expected and researched results, the laboratory experiment generated results all within a rough are to those researched. This demonstrates that the torsion experiment provides a valid method for comparing material stiffness and calculating the shear modulus while showing the importance of measuring as accurately as the equipment allows.

When the shear modulus obtained via the lab values is compared with the average of the published values found via external sources, brass deviated by 10-15%, aluminium deviated by 5-10% and steel, with the smallest deviation, showed 2-3%. This indicated that the steel data set provides the highest amount of confidence within the experiment. Despite the deviations, all values remained within an acceptable tolerance range, supporting the validity of the torsion method used in the investigation.

Conclusion:

The shear modulus of the specimen rod was successfully determined using torsion testing. From the graphical analysis, the experimental shear modulus was calculated. For each material, the expected shear modulus was researched and compared against the data found and calculated during the experiment. These values had a reasonable agreement with the published values found via research. Overall, the results demonstrate that the torsion equation provides a valid method for determining the shear modulus for circular shafts of varying materials. Any discrepancies between experimental and researched values are acceptable and to be expected due to the equipment used and the limitations in the apparatus itself, and the measuring equipment used.

Evaluation:

The primary source of error during the lab was likely during the measurement of the specimen's diameter, this could have been due to equipment calibration or human error when reading the displayed values. Since the polar second moment of area is dependent on the diameter, this value is raised to the power of four during the conversion equation. This means that a small error would be magnified significantly, resulting in a large effect on the final shear modulus.

Additional sources of error could be from the angle of twist gauge not being set exactly to zero or the gauge being read incorrectly. As well as this, there is the potential for the specimen to slip in the chuck or for the chuck itself to contain backlash that isn’t accounted for. 

To minimise these errors, the test could be carried out multiple times, and an average value could be calculated to provide more accurate, reliable results. While this doesn’t mitigate the fact that the equipment won’t be 100% accurate, it allows for anomalies to be spotted and not accounted for. As well as this, a digital angular displacement sensor could be used to provide a more accurate reading for the angle of twist. Also, improved alignment fixtures via the usage of level gauges could be used to reduce errors related to the mounting of the specimen rod itself.

To gather a wider range of data, other materials could be measured, and pieces of varying diameter could be tested, allowing for the validation of torsion theory and a more accurate shear modulus to be calculated. 
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