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[bookmark: _Toc217999831]Introduction 
This report will investigate the torsional modulus of steel, brass and aluminium. Torsional modulus is a measure of an object’s resistance to twisting when torque is applied. It is defined as the amount of radially applied torque required to twist an object by one radian unit. (Young, 2023). This will be through an initial experimental procedure explaining how a test might be carried out, then through the examination and analysis of test results collected using the experimental procedure. This will be followed by a conclusion of the findings and then an evaluation of the test. The report seeks to effectively analyse and compare the torsional modulus of the three materials.

[bookmark: _Toc217999832]Experimental Procedure
This experiment uses the apparatus provided in the ES5 torsion test kit. The kit contains the three metal shafts as test samples. Each shaft is 0.34m and a vernier calliper is provided to measure the diameter of the shafts. The assembled equipment is shown below in the figures.
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Figure 1 (TecQuipment, 2012)				Figure 2
The figures show two chucks at each end of the work panel. The chuck on the right of the image is fixed where the chuck on the left is free to rotate. The metal shaft as the test sample is inserted into the fixed chuck and moved along the work panel and into the rotating chuck. The shaft should then be secured with the grub screws using an allen key, ensuring that the torque arm is set to 0°. Mass should then be added in 100g increments, beginning at 100g. For the aluminium shaft, the total mass on the torque arm should not exceed 400g as more load may twist the shaft beyond its elastic limit. For steel and brass, the mass should not exceed 500g. A measurement of the twist angle should be taken between each increase in mass and noted down in a table. These steps should be repeated for each of the three test samples.

[bookmark: _Toc217999833]Results
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AI-generated content may be incorrect.]The data from the test was then collated in a table and processed so that all the units are in SI units and the data could be analysed for a value of shear modulus. The tables for each of the materials are shown in the figure below.
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Figure 3
The table shows the raw data from the test which was the mass on the torque arm (independent variable) and the measured twist angle in degrees (dependent variable). The mass has been processed so that it is displayed as a torque in Nm. This is possible as a mass can be converted to force by multiplying it by the acceleration due to gravity, 9.81 (g). This is because of Newtons second law F=ma. Torque can then be calculated by the equation Torque = force x perpendicular distance. The length of the torque arm is 100mm or 0.1m meaning each load value is multiplied by 0.1. Twist angle in degrees is converted to radians by multiplying by 2π/360. The measured diameter for each test shaft is used to calculate the polar second moment of area (J) by .  This data is sufficiently processed to calculate the shear modulus (G) by the equation . 


[bookmark: _Toc217999834]Analysis
The initial raw data shows that the steel has the least twist angle under load followed by brass and aluminium. With the processed data, a graph of TL against Jϑ can be plotted for each of the test materials. The gradient of these graphs will give the shear modulus for these materials. The graphs in the figure below show the equation of the line of TL against Jθ.
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Figure 4
This data shows the tested shear modulus of each of the materials. Aluminium has the lowest shear modulus at 2.14 x 1010 Pa or 21.4GPa followed by brass with 35.1GPa and steel has the highest value at 80.5GPa. Since shear modulus is the radial torque required to rotate a material by one radian, the higher the value of shear modulus, the greater resistance to twisting forces. In this test, steel has the largest value meaning it was able to resist the rotational torque most affectively.  
The linearity of these graphs illustrates that each of the materials were deformed elastically and were compliant with Hooke’s law through shear throughout the experiment. This means that the torque applied did not exceed the elastic limit.
 When comparing the equation   to y=mx+c, the value of c should be 0 as y corresponds to TL, m corresponds to G and x corresponds to Jθ. The equation does not contain any +c meaning the graph should pass through the origin. In each of the graphs, the line has a positive y intercept in the order of 10-3. This means that there is a zero error in the experiment where the torque arm was improperly zeroed. A non-zero y intercept has no effect on the value of the shear modulus however since the gradient only considers the change in y against the change in x.
Therefore, these results match the expectations of the experiment closely. The data points all lie close to the straight line, the lines all pass the y-axis close to the origin, and the materials show values of shear modulus that appear to be reasonable and proportionate given the strengths of each of the materials.

[bookmark: _Toc217999835]Conclusion
The accepted textbook values for shear modulus for each of the tested materials are shown in the figure below alongside the results of the test.
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Figure 5 (textbook values) (TecQuipment, 2012)		Figure 6 (test values)
These values prove that the test is mostly accurate with a realistic error margin. The percentage errors are 16% for aluminium, 7.3% for brass and 1.1% for steel. This discrepancy in percentage error may be explained by more change in twist angle from aluminium than steel meaning the larger numbers are more likely to be inconsistent with what is expected. The absolute uncertainty translates to a higher percentage uncertainty with smaller values which is evident in the case of aluminium, though the absolute uncertainty is also greater. The errors in the experiment can be explained by the uncertainty in measurements. The measurement for L has an absolute uncertainty of ±0.5mm, the measurement for θ has an uncertainty of ±0.5°, and the uncertainty of D is ±0.05. Since the value for D is raised to the power of 4 to calculated J, the uncertainty becomes 4 times as much at ±0.2mm4. These values for uncertainty show that, despite the accuracy of the method, a large amount of error will be cause by uncertainty in measurements. The error may also be explained by impurities in the metals. Mild steel and brass are both alloys and are unlikely to be completely consistent in composition. Similarly, the tested aluminium is unlikely to be 100% pure which will lead to deviation from the accepted value of shear modulus. Therefore, to conclude the test, the results for shear modulus are reasonable and within an acceptable range of the textbook values.


[bookmark: _Toc217999836]Evaluation
This chapter will cover some of the control variables involved in the test along with some potential systematic, random and zero errors in the procedure. 
The ES5 kit provided the metal test samples and specified that the value for length was 0.34m for all of the samples. To control the error at this stage the samples were measured using a rule to verify the length to eliminate error in a wrongly measured shaft. However, the shafts were all slightly bent meaning some of the torque applied to the shaft would be felt laterally rather than the torsional force that the test was measuring. To mitigate this, the shafts were straightened by hand though, given the deformation, this is very likely to have affected the results. The shafts were also assumed to be completely circular throughout the cross section which is unlikely given the visible deformation in the shafts. Points on the shaft with a smaller cross-sectional area are more susceptible to torsion meaning the results would be exaggerated. To mitigate this, the shaft was measured at three points along the length and an average was taken. This is unlikely to eliminate the risk of error but helps to identify anomalies. 
A random error such as the shaft slipping in the grub screws may occur. This should be mitigated by tightly securing the shaft in place. This error does not seem to have been a significant problem for the test since the graphs all have high correlation between data points and are straight lines. 
Finally, a zero error is present in the experiment. Each graph has a non-zero y-intercept which should not occur when . The zero error is unlikely to have affected the results as the gradient is independent of the y-intercept meaning, although the line is expected to pass though the origin, the y-intercept will have no impact on the gradient (value for G).
In conclusion, the test was successful given the relatively low percentage error in the results. However, the procedure does contain various potential errors that could be improved upon.

[bookmark: _Toc217999837]Further Work
This chapter will look at potential improvements for the procedure.
Firstly, to eliminate the error caused by deformed shafts, the test samples should not be reused for multiple tests. A significant amount of error will come from the rod being affected by the torque laterally rather than purely torsion. Therefore, prioritising the quality of the shaft is significant. 
The torque could be applied by an electric motor directly to the end of the shaft. This eliminated uncertainties in measurements and can be controlled accurately using electric systems. The system could also record values of twist angle meaning all the uncertainty from measurements is eliminated. An example is shown in the figure below.
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Figure 7 (Maamor, 2015)
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Shaft Modulus

Mass(m) | Load (W) | Torque(T) |TwistAngle (6)] TwistAngle (6) o I
(® N (Nm) (degrees) (radians)
100 0.98 0.098 70 0.122 0.033 142612
200 1.96 0.196 145 0.253 0.067 293612
300 294 0.294 223 0.389 0.100 451612
400 392 0.392 300 052 0.133 6.08E-12
Material: Aluminium L=-0.34m D-33x10°m |)=1.16x10"' m*
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Shaft Modulus

Mass(m) | Load(W) | Torque(T) |TwistAngle (6)] Twist Angle (6) o .
@ () (Nm) (degrees) (radians)
100 0.98 0.098 60 0.105 0.033 952E-13
200 1.96 0.196 116 0.202 0.067 1.836-12
300 294 0.294 17.9 0.312 0.100 283612
400 392 0.392 235 0.410 0.133 372612
500 49 0.49 300 052 0.167 475612
Material: Brass L=-0.34m D=31x10°m |)=9.07x10%m*
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Shaft Modulus

Mass(m) | Load (W) | Torque(T) |TwistAngle (6)] TwistAngle (6) o I
(® N (Nm) (degrees) (radians)
100 0.98 0.098 20 0.035 0.033 317613
200 1.96 0.196 45 0.079 0.067 747613
300 294 0.294 7 0122 0.100 111612
400 392 0.392 97 0.169 0.133 153612
500 49 0.49 125 0218 0.167 1.986-12
Material: Steel L=-0.34m D=31x10°m |)=9.07x10%m*
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Aluminium TLvs J©
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Steel TLvs JB
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Material Value
(GPa or GN.m2)
Aluminium 25.5
Brass 38.0
Mild Steel 79.6
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Aluminium 214
Brass 35.1
Steel 80.5
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