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[bookmark: _Toc218787896]Introduction
Torsion testing is used to understand how materials behave when subjected to twisting forces, which are commonly encountered in many engineering applications. Components such as drive shafts, axles, and fasteners are often exposed to torsional loads during service, and their ability to withstand these loads is critical for ensuring structural integrity and safety.
Different materials respond differently to torsional stress depending on their mechanical properties, particularly stiffness and resistance to deformation. By studying a material’s behaviour under torsion, important properties such as the shear modulus can be determined. This property is essential in engineering design, as it allows engineers to predict how much a component will twist under an applied load and to select suitable materials for specific applications.
The purpose of this experiment is to evaluate the torsional response of a material and to compare experimental results with theoretical expectations. Through this investigation, a deeper understanding of material performance under torsional loading is developed, reinforcing the relevance of torsion theory in practical engineering design.
[bookmark: _Toc218787897]Experimental procedure
The TecQuipment Torsion Testing Kit ES5 was used to investigate the torsional behaviour of the test material. Before testing, the diameter of each test rod was measured using a micrometre at several points along its length, and an average value was recorded.
[image: ]The test rod was then securely mounted in the torsion testing apparatus, ensuring it was aligned correctly and firmly clamped to prevent slipping during loading. The angular scale was set to zero to ensure accurate measurement of the angle of twist. 
Loads were applied incrementally to the loading hanger in steps of 100 g, producing an increasing torque on the rod through the pulley system. After each load increment, the corresponding angle of twist was recorded once the system had stabilised. Care was taken to ensure readings were taken within the elastic region of the material.
This process was repeated until sufficient data had been collected to produce a clear torque versus angle of twist relationship. The applied loads were then removed gradually to avoid sudden unloading. The recorded data was later used to plot a torque–angle graph and determine the shear modulus of the material.Figure 1 apparatus set and beginning testing

[bookmark: _Toc218787898]Results 
[image: ]
Figure 2 Raw data collected
Comparing the raw data collected in the Experiment. The torsion behaviour of the three materials clearly illustrates the stiffness and ductility. Steel resisted torsion the most, confirming its high shear strength and rigidity. Brass response indicates moderate resistance, making it somewhat flexible but still structurally reliable. Aluminium however, deformed significantly under the same torque, highlighting its low torsional stiffness and high flexibility. Aluminium was unable to hold 500g as the rod would experience torsional load beyond its elastic limit and therefore would not return to its original position. These provide a practical framework for selecting materials based on torsional performance rigidity, moderate flexibility or maximum ductility.
[bookmark: _Toc218787899][image: ]AnalysisFigure 3 Graph showing the torque (y) to the angle of twist (x)
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Figure 4 Shaft modules table for brass







[image: ] Figure 5 Shaf modules table for Steel
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[image: ]Figure 6 Graph showing the torque (y) to the angle of twist (x)





[image: ]Figure 7 Graph showing the torque (y) to the angle of twist (x)

Figure 8 Shaft modules table for Aluminium








The load must be converted to base units (from grams to Kilograms). To have load in newtons you must multiply the load by gravity). 
Obtaining the torque value consists of load in newtons multiplied by the torque arm length which was 100mm which has to e converted to base units (meters).
J = Polar Second Moment of Area. is calculated with the following equation

The value TL was calculated via Torque X Length of Rod
The Jθ was calculated via Twist Angle (radians) X Polar Second Moment of area
Plotting Tl on the X-axis and Jθ on the Y-axis you can determine the gradient.
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Figure 9 Table



[image: ]Figure 10 Table








[bookmark: _Toc218787900]Conclusion
The torque versus angle of twist graphs for steel (Figure 5 and 6), brass (figure 3 and 4) , and aluminium (figure 7 and 8) all displayed a clear linear relationship across the measured range. This indicates that each material remained within its elastic regime and obeyed the torsion form of Hooke’s law. The linear behaviour confirms that the applied torques were sufficiently small to avoid deformation and that the experimental setup was appropriate for determining torsional properties.
 
 For rods of identical geometry, the gradient of the torque angle graph is therefore directly proportional to the shear modulus. As a result, differences in gradient between materials reflect differences in their intrinsic elastic properties.
Steel produced the steepest gradient, indicating the highest torsional stiffness and the largest shear modulus. Brass exhibited an intermediate gradient, while aluminium showed the smallest gradient and therefore the lowest rigidity. This order: steel > brass > aluminium aligns with theoretical expectations. Aluminium’s relatively low shear modulus results in larger angular deformation for a given applied torque, whereas steel’s higher shear modulus gives it greater resistance to twisting.
Minor deviations from perfect linearity and some scatter in the data may be attributed to experimental uncertainties such as small errors in angle measurement, friction in the torsion apparatus, or slight non-uniformity in wire diameter. However, the consistent linear trends and correct ranking of material rigidity suggest that these effects were not significant. Overall, the results provide strong experimental support for torsion theory and demonstrate the dependence of torsional stiffness on the shear modulus of the material.
When comparing personal torsion results (figure 9) with those obtained by others (figure 10) (Engineers Edge, 2024), it is important to consider both experimental variation and methodological differences. Small discrepancies in calculated shear modulus values can arise from differences in specimen dimensions, measurement techniques, or the accuracy of torque and angle readings. Despite these variations, the overall trend of the results should be consistent, with values falling within an acceptable range of each other and close to the theoretical shear modulus for the material tested. Any significant differences can be discussed in terms of experimental error, equipment limitations, or assumptions made in the torsion theory, such as uniform material properties and pure torsional loading. This comparison helps to assess the reliability and repeatability of the experiment and highlights the importance of careful experimental procedure.


[bookmark: _Toc218787901]Evaluation
When using the TecQuipment Torsion Kit ES5, experimental errors can be reduced by carefully controlling the setup, measurements, and procedure. The rod should be properly aligned and securely clamped to ensure it is subjected to pure torsion with no bending or slippage, as misalignment can significantly affect the measured angle of twist. All measuring devices, such as the angle scale, should be zeroed and checked for calibration before starting the experiment. Readings should be taken slowly and consistently to minimise dynamic effects and human reaction error, and the applied torque should remain within the elastic limit of the material to ensure the theory of torsion is valid. Repeating measurements can further reduce random errors, while ensuring all values are recorded correctly. 
[bookmark: _Toc218787902]Further work
Given unlimited time and resources, the torsion experiment could be improved by using more advanced and precise equipment to reduce experimental uncertainty. Automated torque application and high-resolution digital sensors for measuring torque and angle of twist would minimise human error and increase measurement accuracy. Improved alignment systems and rigid grips would ensure the specimen is subjected to pure torsion, while environmental control would remove the effects of temperature changes on material behaviour. These improvements would lead to more consistent results, greater repeatability, and shear modulus values that more closely match theoretical predictions.
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image3.emf
Mass (g) Brass  Steel Aluminium

100 6.55 3 8.5

200 12.5 5.5 17

300 18 8 25.5

400 24 10.5 32

500 30 13                   n/a
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image5.emf
Load(m) 

(g)

Load(W) 

(N) Torque (Nm)

Twist Angle 

(degrees)

Twist Angle 

(radians) TL Jθ

100 0.98 0.098 0.098 0.114 0.03332 1.03398E-12

200 1.96 0.196 1.196 0.218 0.06664 1.97726E-12

300 2.94 0.294 0.294 0.314 0.09996 2.84798E-12

400 3.92 0.392 0.392 0.419 0.13328 3.80033E-12

500 4.9 0.49 0.49 0.524 0.1666 4.75268E-12

Material; Brass L = 0.34 D = 3.1m J = 9.07*10^-12m^4

Shaft modules
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Load (m)       

(g)

Load(W)(

N)

Torque (T)  

(Nm)

Twist 

angle 

(degrees)

Twist 

Angle 

(radians) TL Jθ

100 0.98 0.098 3 0.052 0.033 4.749E-13

200 1.96 0.196 5.5 0.096 0.067 8.707E-13

300 2.94 0.294 8 0.140 0.100 1.266E-12

400 3.92 0.392 10.5 0.183 0.133 1.662E-12

500 4.9 0.49 13 0.227 0.167 2.058E-12

L=0.34 m D = 3.1 m J = 9.07*10^-12 m^4

Shaft modulus

Material: Steel
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Load (m)       

(g)

Load(W)(

N)

Torque (T)  

(Nm)

Twist 

angle 

(degrees)

Twist 

Angle 

(radians) TL Jθ

100 0.98 0.098 8.5 0.148 0.033 1.346E-12

200 1.96 0.196 17 0.297 0.067 2.691E-12

300 2.94 0.294 25.5 0.445 0.100 4.037E-12

400 3.92 0.392 32 0.559 0.133 5.066E-12

Materiial: Aluminium L = 0.34m D = 3.1m J = 9.42*10^-12 m^2

Shaft modulus
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Material Gpa

Aluminium 26.48

Brass 35.97

Steel 84.4

Gpa chart (Pa)
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Alumnium 26.91

Brass 40.02

Steel 77.97

Gpa Chart(Pa)


