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[bookmark: _Toc218348215]Chapter 1 - Introduction
Torsion is a fundamental loading condition in mechanical components such as drive shafts and rotating machinery. When a shaft is subjected to torque, it develops shear stresses and undergoes angular deformation, both of which must be understood to ensure structural integrity and reliable power transmission. This report investigates the torsional behaviour of circular shafts through experimental testing and compares the measured torque–twist response with predictions from elastic torsion theory. The study evaluates the accuracy of theoretical assumptions and highlights factors influencing real‑world performance.



















[bookmark: _Toc218348216]Chapter 2 - Experimental Procedure
[bookmark: _Toc218348217]2.1 Specimen preparation and geometric measurements
· Select specimens: Three circular shafts manufactured from steel, aluminium, and brass, respectively, were selected for testing.
· Measure geometry: The diameter of each shaft was measured using a vernier calliper to account for manufacturing tolerances, and the value was used to calculate the polar second moment of area . The effective gauge length between the fixed and loaded sections of the shaft was measured and recorded.
[bookmark: _Toc218348218]2.2 Apparatus setup and calibration
· Mounting: Each shaft was mounted concentrically in the torsion testing apparatus, with one end rigidly clamped and the other connected to the torque application system. Care was taken to ensure axial alignment to minimise bending effects.
· Zeroing instruments: The torque indicator and angular displacement measuring device (e.g. protractor, dial gauge, or encoder) were set to zero prior to loading to establish a clear reference state.
[image: ]
Figure 2.1 – Set up of apparatus
[bookmark: _Toc218348219]2.3 Application of torque and data acquisition
· Incremental loading: Torque was applied in uniform increments by means of the loading mechanism. At each increment, once the system had stabilised, the applied torque and corresponding angle of twist were recorded.
· Elastic range control: Loading was restricted to the nominally elastic region of each material to ensure validity of linear elastic torsion theory. The onset of non‑linearity or anomalous behaviour was monitored and used as a practical upper limit for applied torque.
· Optional unloading cycle: For selected tests, the shaft was unloaded in stages, and the corresponding angles of twist were recorded to assess elastic recovery and potential hysteresis.
[image: ]
Figure 2.2 – Incremental load
[bookmark: _Toc218348220]2.4 Repetition for different materials
· The above procedure was repeated for the steel, aluminium, and brass shafts under identical loading increments and measurement conditions to enable direct comparison of torsional stiffness and material response.





[bookmark: _Toc218348221]Chapter 3 - Results
[bookmark: _Toc218348222]3.1 Brass
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Table 3.1 – Shear Modulus table for Brass
As the applied load increases from 100 g to 500 g, the torque acting on the brass shaft increases proportionally from 0.098 Nm to 0.49 Nm. The twist angle also increases steadily, rising from 6° (0.105 rad) to 29.5° (0.515 rad). This consistent, near‑linear relationship between torque and twist indicates that the shaft is behaving elastically throughout the test.
The calculated values of and both increase with load in a similar linear pattern. Since the ratio  is used to determine the shear modulus, the close proportionality between these two quantities suggests that the material response is stable and that the experimental data is reliable.
Overall, the results show a smooth, predictable increase in twist with increasing torque, which is characteristic of elastic torsion in a uniform brass shaft.

[bookmark: _Toc218348223]3.2 Aluminium
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Table 3.2 – Shear modulus table for aluminium
As the applied load increases from 100 g to 400 g, the torque rises from 0.098 Nm to 0.392 Nm, and the twist angle increases from 8° (0.14 rad) to 31° (0.541 rad). This steady, proportional increase indicates elastic behaviour throughout the test range.
Once again, the derived quantities and also increase consistently with load. The close alignment of these values suggests stable material response and reliable measurements.
Overall, the results show a smooth torque-twist relationship typical of aluminium in the elastic range.
[bookmark: _Toc218348224]3.3 Steel
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Table 3.3 - Shear modulus table for steel
As the applied load increases from 100 g to 500 g, the torque rises from 0.098 Nm to 0.49 Nm, while the twist angle increases from 2.5° (0.044 rad) to 12.5° (0.218 rad). Compared to brass and aluminium, the steel shaft shows significantly smaller angular displacement for the same torque, indicating higher torsional stiffness.
The derived values of and increase proportionally with load, and their consistent ratio confirms elastic behaviour. This suggests that the steel shaft remained within its linear elastic range throughout the test, and the data supports the use of classical torsion theory for evaluating its shear modulus.

[bookmark: _Toc218348225]Chapter 4 - Analysis
[bookmark: _Toc218348226]4.1 Brass

Graph 4.1 – Shear modulus of brass
The graph of Shear Modulus (Brass) displays a linear relationship between and , confirming that the brass shaft behaved elastically under torsional loading. Each data point represents a torque–twist measurement, and the consistent proportionality indicates that the shaft remained within its elastic range throughout the test. The slope of the line corresponds to the shear modulus , it approximates that the value of 22 GPa.

[bookmark: _Toc218348227]4.2 Aluminium

Graph 4.2 – Shear modulus of aluminium
The Shear Modulus (Aluminium) graph shows a clear linear relationship between and , indicating that the aluminium shaft behaved elastically throughout the test. Each data point reflects a torque–twist measurement, and the consistent proportionality confirms that the shaft remained within its linear elastic range. The slope of the line represents the shear modulus , calculated based on the plotted values, it approximates 24 GPa.
[bookmark: _Toc218348228]4.3 Steel

Graph 4.3 – Shear modulus of steel
The Shear Modulus (Steel) graph shows a strong linear relationship between and , indicating that the steel shaft remained entirely within its elastic range during testing. Each data point reflects a torque–twist measurement, and the consistent proportionality confirms that the material followed classical torsion theory. The slope of the line represents the shear modulus , was then found to be approximately 83 GPa.






















[bookmark: _Toc218348229]Chapter 5 - Conclusion
[bookmark: _Toc218348230]5.1 Brass
Typical shear modulus values for brass range between 37 GPa and 41 GPa, depending on alloy composition and temper. Free‑cutting brass (UNS C36000) has a shear modulus of about 37 GPa, while cartridge brass (C26000) is reported around 41 GPa (Ezlok, 2019). Because these values are consistent across brass alloys, a lab result deviating by more than 10% is more likely due to experimental factors than genuine material variation. Possible sources of error include inaccuracies in measuring twist angle, small deviations in shaft diameter affecting the polar moment of inertia, or friction and compliance within the torsion apparatus. Although the trend still reflects correct elastic behaviour, the magnitude of the measured value suggests systematic error and should be interpreted cautiously.
[bookmark: _Toc218348231]5.2 Aluminium
Typical aluminium alloys have a shear modulus of around 26–27 GPa, placing them among the more flexible structural metals in shear. Engineering materials tables list aluminium alloys with a shear modulus of 26.9 GPa (Engineer’s Edge, 2013). The modest shear modulus is a direct consequence of aluminium’s crystal structure and lower bond strength, which contribute to its characteristic lightweight and ductile mechanical behaviour. The close agreement between the experimental result and these authoritative sources indicates that the measured value is realistic, with any minor deviation likely arising from normal experimental uncertainties such as angle‑measurement precision, small geometric tolerances, or apparatus friction rather than any material anomaly. This alignment with published data reinforces the validity of the aluminium shear modulus determined in the experiment.

[bookmark: _Toc218348232]5.3 Steel
Typical structural and carbon steels have a shear modulus in the range of 77–82 GPa, reflecting their high resistance to shear deformation. Engineering design data derived from Eurocode 3 list a representative value of 81 GPa for structural steels, calculated from the standard elastic modulus and Poisson’s ratio (Eurocode Applied, 2017). Because the experimental value lies close to these published figures, any small deviation can reasonably be attributed to normal experimental uncertainties-such as minor measurement error, shaft diameter tolerances, or friction in the torsion apparatus-rather than a fundamental discrepancy in material behaviour. This alignment with authoritative data strongly supports the validity of the measured shear modulus.

[bookmark: _Toc218348233]Chapter 6 – Evaluation
Errors were minimised throughout the investigation by controlling measurement conditions, standardising procedures, and reducing both systematic and random uncertainty. Good practice guidance for mechanical testing highlights the need to identify and control all contributors to measurement uncertainty (Gabauer, 2000), and this principle shaped the experimental approach. The torsion apparatus was zeroed before each trial to remove initial twist or backlash, and the load hanger was checked to ensure it moved freely without friction—factors known to influence torsion accuracy (Roebuck et al., 2006). Angle readings were taken at eye level to avoid parallax error, a well‑documented source of observational uncertainty (Experimental Uncertainties (Errors), n.d.), and repeated measurements were used to confirm consistency. Loads were applied incrementally, allowing the shaft to stabilise before each reading to avoid dynamic effects, in line with recommended torsion‑testing practice. Environmental influences such as vibration and temperature fluctuations were kept constant to prevent unwanted variation in material behaviour, consistent with general uncertainty‑control principles (Gabauer, 2000). Although these measures significantly reduced error, the investigation could have been improved further by measuring the shaft diameter at multiple points along its length using a micrometre, producing an averaged value and reducing geometric uncertainty in the polar moment of inertia (Roebuck et al., 2006).











[bookmark: _Toc218348234]Chapter 7 - Further Work
With unlimited time and resources, the torsion experiment could be greatly improved by replacing the manual apparatus with a high‑precision, motor‑driven torsion testing machine capable of applying controlled torque and recording continuous torque–angle data, as described in advanced torsion testing systems (Lee, 2025). These machines use digital torque transducers and high‑resolution angular encoders, offering far greater accuracy than manual loading. Industrial‑grade torsion testers, such as those outlined by Instron, are specifically designed to measure shear modulus, yield shear strength, and torsional stiffness with minimal instrumental error (Instron, 2025). Specimen geometry could be verified using coordinate‑measuring machines and surface profilometry, reducing uncertainty in the polar moment of inertia-an approach consistent with high‑end materials testing practices discussed in modern torsion‑testing literature (WangTeBei, 2025). Multiple specimens of each alloy could then be tested under controlled temperature and strain‑rate conditions, producing statistically robust datasets like those generated in professional materials laboratories. Finally, finite element models calibrated against the experimental data could correct for grip compliance and non‑uniform stress distributions, aligning with advanced analysis techniques highlighted in recent torsion‑testing research (Lee, 2025). These improvements would elevate the experiment to an industry‑standard characterisation of torsional behaviour.
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Shaft Modulus

Load (m) (g) |Load (W) (Nm) | Torque (T) (Nm) | Twist Angle (degrees) | Twist Angle () (radians) TL 10
100 0.98 0.098 6 0.105 0.033 1.54E-12
200 1.96 0.196 11.5 0.201 0.067 2.95E-12
300 2.94 0.294 17.5 0.305 0.1 4.48E-12
400 3.92 0.392 23.5 0.41 0.133 6.03E-12
500 4.9 0.49 29.5 0.515 0.167 7.57E-12

Material: Brass L=0.34m D=3.5mm 1=1.47x10™"
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Shaft Modulus

Load (m) (g) |Load (W) (Nm) | Torque (T) (Nm) | Twist Angle (degrees) | Twist Angle () (radians) TL 10
100 0.98 0.098 8 0.14 0.033 1.44E-12
200 1.96 0.196 15.5 0.271 0.067 2.79E-12
300 2.94 0.294 23.5 0.41 0.1 4.22E-12
400 3.92 0.392 31 0.541 0.133 5.57E-12
Material : Aiminium L=0.34m D=3.2mm 1=1.03x10™
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Shaft Modulus

Load (m) (g) |Load (W) (Nm) | Torque (T) (Nm) | Twist Angle (degrees) | Twist Angle () (radians) TL 10
100 0.98 0.098 25 0.044 0.033 3.99E-13
200 1.96 0.196 5 0.087 0.067 7.89E-13
300 2.94 0.294 7.5 0.131 0.1 1.19E-12
400 3.92 0.392 10 0.175 0.133 1.59E-12
500 4.9 0.49 12.5 0.218 0.167 1.98E-12

Material: Steel L=0.34m D=3.1mm 1=9.07x10™





