[bookmark: _Toc214389640][bookmark: _Toc214390074][bookmark: OLE_LINK1][bookmark: _Toc218387378][image: Discover University of Wales Trinity Saint David]







[bookmark: _Toc218387379]Torsion of Shafts 
Noah Tucker- 2403745
Mechanics and Dynamics- ACHA404026
 Sunday 4th January 2026
1281 words


Table of Contents
	1
Torsion of Shafts	1
Contents	2
Introduction	3
Aims	3
Experimental Procedure	4
Health and safety	4
Results	5
Analysis	6
Conclusion	8
Evaluation	9
References	10


[bookmark: _Toc214390078][bookmark: _Toc218387381]
Introduction
Materials behave in different ways when put under various strains and stresses, metals for example behave elastically, they bend or twist when a force is applied, up to a certain point until they cannot return to their original shape or form, known as their elastic limit (Ahmed Ragab Mahmoud (2025). This report will explain the steps and precautions that were followed when conducting the lab work in the workshop, the information that was required, how the data was measured to ensure accuracy and repeatability and then will lay out the data in a usable format with an analysis of the findings.

[bookmark: _Toc218387382]	Aims
Lay out the experiment conducted and safety considerations
Explain the concept of torsion and how twisting moments affect circular shafts
To analyze the relationship between torque, shear stress, and angle of twist in shafts under load
To derive and apply the torsion equation for solid circular shafts
Apply the data and findings to real world applications such as in drive shafts, axles, and power transmission systems


	





[bookmark: _Toc218387383]Experimental Procedure
The apparatus was set up in the format show below in fig. 1, with a rotating chuck, specimen rod, fixed chuck, and standing work panel. Then one specimen rod of a determined material was fixed into place and grub screws tightened with the twist angle scale set at zero  to ensure no slippage which would skew the twist angle data and throw off the calculations later on. moving up in 100 gram increments, a measurement of twist angle (fig.2) was taken at each weight up to 500 grams, apart from aluminium which was only safe to load with 400 grams due to its lower shear modulus. This experiment was repeated for each material, brass, aluminium and steel (fig. 3) all of which required the use of vernier callipers to find the diameter of the rods for calculations later, such as the polar moment of area. 

[bookmark: _Toc218387384]Health and safety
Working with weights meant considering health and safety, by not wearing open toe shoes and ensuring safe use of the equipment. As well as this we made sure to tighten and double check each bolt and screw that was under any amount of tension which would potentially be a failure point.
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Figure 3
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The data collected in the lab was simply the twist angle observed and the diameter of the rods as the experiment was conducted show below fig.4, which required conversion into radians from degrees (times 2 Pi divided by 360) and the load calculated in newtons along with the torque created. For the final two columns, the values for Torque and length were multiplied together and the values for the polar moment of area ( ) and the twist angle in radians were multiplied together (fig. 5)
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Figure 5
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These graphs for Torque x Length over Polar moment of Area x Twist angle show the relationship between the stiffness of the metals and the twist angle. It can be seen with each material, where all twist under tension but some more than others. For example, in the case of brass (fig. 6), the data follows a strong linear trend initially, indicating elastic behaviour where the torque and angle of twist are directly proportional. This linearity aligns with Hooke’s law for shear stress and strain, which predicts the constant modulus of rigidity within the elastic limit. However, when applied with a load of approximately 500 grams, the brass data points begin to deviate from this linear trend. This might suggest that the material is reaching its elastic limit, reducing the stiffness of the shaft. Our graph (fig.7) for aluminium exhibits a very strong linear relationship and doesn’t have any outliers due to the missing 500 gram measurement due to the elastic limitation. Whereas steel looks very similar to the graph for brass, a straight linear relationship with an anomaly at the 500 gram measurement where it the gradient increases. The y=mx+c equation for the trendline gives us a gradient of 12.604x N for brass, 24.264x N for aluminium, 69.39x N. This lines up with the values in the textbook, Aluminium and steel values are almost spot on, but brass seems to be incorrect which suggests there was an error made in the investigation, either due to human error in reading measurements, or during the setup of the experiment. 



[bookmark: _Toc218387387]Conclusion
This experiment showed the relationship between torque, angle of twist, and material stiffness in a shaft under torsion. By applying loads to brass, aluminium, and steel specimens, the response of each material was observed and the modulus of rigidity could be determined using the torsion equation. The mostly linear trend observed in the Torque × Length versus Polar Moment of Area × Twist Angle graphs confirm the torsion theory within the elastic region, as predicted in the standard mechanics of materials principles (Hibbeler, 2017) that metals will bend and return to their original shape within the elastic region.
When comparing the results with published values, steel was the closest to the recognised value. The modulus of rigidity for steel came out as , which is reasonably close to the accepted value of around  (Gere & Goodno, 2018). The value for aluminium was close too at  compared to a literature value of  (Callister & Rethwisch, 2020). Brass showed a much larger error, with an value of around  compared to a real life range of . This suggests that there was mistakes in the experiment, possibly due to inaccuracies in diameter measurement, as the polar moment of area depends on the diameter, small measurement errors would have a significant impact on the calculated modulus because all errors are multiplied to the power of 4.
In application, we can understand why almost all driveshafts and axles on road and race cars are made using steel due to its high modulus of rigidity as oppose to aluminium which is three times less resistant to torsion. Since engines create large amounts of torque, connecting the engine to the wheels requires a material that wont bend, snap or deform outside of its elastic region. This level of torque places significant shear stress on a driveshaft. Too much twist could lead to vibration, loss of efficiency, or metal fatigue, making material selection very important in drivetrain design (Budynas & Nisbett, 2020).
In conclusion, this experiment reinforced the theoretical understanding of torsion in circular shafts and highlighted the importance of accurate measurement and careful setup in experimental mechanics. While steel and aluminium results aligned well with theoretical values, the discrepancy in brass emphasised the sensitivity of torsion calculations to experimental error. Overall, the lab demonstrated how torsion theory is applied in real engineering situations where strength, stiffness, and reliability are critical.






[bookmark: _Toc218387388]Evaluation
To take away error in the experiment, accurate diameter is the most important since the polar moment of area is to the power of four so the error will be multiplied the most; therefore, calibrated vernier calipers or micrometers to measure the diameter at multiple points and averaging these readings would help reduce error. Clamping the metal bars securly prevents slippage that could skew the twist angle measurements, which should also be carefully zeroed and preloaded to ensure no error in moving parts. Repeating the measurements and averaging the results reduces random error, while even things like using precise instruments such as digital torque sensors or strain gauges could further boost the accuracy. Finally, making sure the bars aren’t bent or showing signs of wear before the experiment ensures that results reflect the properties of the metals being tested. Together, these steps help reduce human, instrumental, and experimental errors to produce reliable and repeatable data.
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TL Vs. Jθ Brass

TL Vs. J theta	

3.3000000000000002E-2	6.6640000000000005E-2	9.9919999999999995E-2	0.13328000000000001	0.14280000000000001	1.5427699999999999E-12	2.9569299999999996E-12	4.4992599999999991E-12	6.0424740000000001E-12	7.5852400000000001E-12	Jθ (x10^-12m^4 rads)


TL (Nm^2)




TL Vs. Jθ Aluminium

TL Vs. J theta	

3.3000000000000002E-2	6.6640000000000005E-2	9.9919999999999995E-2	0.13328000000000001	1.4373999999999999E-12	2.7849599999999999E-12	4.2223599999999998E-12	5.5701359999999992E-12	Jθ (x10^-12m^4 rads)


TL (Nm^2)




TL Vs. Jθ Steel

TL Vs. J theta	

3.3000000000000002E-2	6.6640000000000005E-2	9.9919999999999995E-2	0.13328000000000001	0.14280000000000001	3.9556999999999995E-13	7.9115000000000002E-13	1.18675E-12	1.58233E-12	1.9778999999999999E-12	Jθ (x10^-12m^4 rads)


TL (Nm^2)
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