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Introduction
Knowing the properties of materials you are working with is key in engineering because different materials excel in different areas. The intention of this assignment is to explore how various materials perform under torsional loads to discover which ones are most effective, using data collected to calculate further properties related to torsional strength. In engineering it is vital to know the torsional properties of materials because it can be critical for deciding what material to use for different applications due to it influencing durability, safety and lifespan of a component. Torsion is also extremely useful as it can be used to calculate further material performance characteristics and properties such as shear modulus, yield sheer strength, ultimate sheer strength, ductility, torsional stiffness and more.















Experimental Procedure
Before starting the experiment, the kit needed to be correctly set up like in figure 1.  The kit included an elevated place to hold the metal bars that were going to be tested, a measurement gauge with a hook attached to it and a mass hanger (figure 2). To begin the test a vernier calliper was used to measure the diameter of the bar that would be tested which was made from brass. The next step was to clamp the bar in place. Once the material was in position it could be tested to see how much it twisted when the mass hanger was attached with 100 grams. Once this was complete check how much the bar twisted and note the value, the mass hanger should then be removed and an additional 10 weights should be added so that the mass pulling on the bar is 200 grams. You can then re-attach the hanger and again note the torsional movement in the bar, the process of adding 100 grams onto the hanger and measuring the movement should be repeated 3 more times until the weight on the bar was 500 grams. Once all the data for one of the bars has been collected remove it from the test rig and then move onto the next two bars which are made from aluminium and steel. Again, measure the diameter of the bar, put it in position before adding the hanger with different mass values up to 500 grams for steel and 400 grams for aluminium and noting the difference.
	[image: ]Figure 1- Experiment kit set up 
	[image: ]
Figure 2- Mass hangar 




 




Results
Figure 3- Test results 
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Analysis
	Figure 4- TL against Jθ graph- Brass
[image: ]
	Figure 5- TL against Jθ graph- Aluminium
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Figure 6- TL against Jθ graph- Steel
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[bookmark: _Int_i5E2YbFQ]The graph in figure (4) shows the relationship between Torque x Length (TL) and the Polar second moment of area x Twist angle (Jθ) for brass. The graph shows a positive increase in TL as Jθ increases which is consistent across the full graph. Although there is a small deviation in a part of the graph, we can still see an overall positive trend from the start point to the final measurement. The gradient of the line is 0.0368, if we rearrange the equation TL=GJθ in the form of Y=mx which is TL= G(Jθ), this shows us that Gradient = G (Shear Modulus), this tells us G= 0.0368N/m2 x 10-12. Similarly, the graphs in figures (5,6) show the same relationship but for aluminium and steel. These graphs both show an overall positive linear trend showing that as TL increases Jθ will do the same. Using these graphs, you can find shear modulus to be 0.0251N/m2 x 10-12 for aluminium and 0.0711N/m2 x 10-12 for steel. The values for shear modulus from the graphs need to be adapted before they are complete; to correctly adapt them you need to x 1012  this will give us a value x 1010, for example 0.0368 x 1012= 3.68x1010N/m2. This can then be rewritten as 36.8GN/m2. If we apply this to the other 2 values, it gives us 25.1 GN/m2 for aluminium and 71.1 GN/m2 for steel for shear modulus. 


Figure 7- Processed data tables
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The tables above show the data that has been processed from the information that was found in the experiment. To find the load values in newtons the equation f=mg can be used, in this equation  the value for mass e.g. 200 grams should be converted to kg, (0.200kg) which can then be put in the equation so that w=0.200x9.81 which equalled 1.96 newtons, this could be repeated for each value on all 3 tables. To find torque in column 3 the equation T=RxF can be used, the values for F can be taken from the previous column as it shows f=mg. To find r rearrange the equation so that R= T÷F and since the first torque value was provided of 0.098, the value of r can be found by dividing 0.098 by 0.98 to give 0.1. You can find the torque values for example at 300g, T=0.1x2.94 = 0.294Nm. The next calculation was to find twist angle in radians; the equation Twist angle (D) x (π ÷ 180) can be used to calculate the radian value. To find TL is just torque x the length of 0.34. The next thing to calculate was J (the polar second moment of area). To find J the equation (π x D4) ÷ 32 should be used. This can be used for J x θ (radians) in the final column.

Conclusion
After using the data obtained from the experiment and the information acquired using additional calculations the shear modulus was found to be 36.8 GN/m2 for brass, 25.1 GN/m2 for aluminium and 71.1 GNm2 for steel. Comparing these values to the expected ones in the worksheet we can see that aluminium and brass are within 10 percent of the worksheet values, while steel is slightly outside 10 percent. The reason for this could be because during the experiment we used bars that had been previously tested which could mean the steel bar could have been over stressed leading to it giving inaccurate data, to further prove the bars may of been over stressed when testing the steel and brass bars the mass hangar fully dropped multiple times, this could of caused the 0 point to move which could of made values inaccurate, it also could mean other values may be inaccurate due to the bar twisting more than it would as standard. Despite this the data found for the aluminium and brass tests seems to be accurate and match expected values which suggests that the data could be used. Although the value for steel is relatively close to what was expected, due to having to reset the equipment multiple times and having inaccurate readings throughout the test the data appears not to be as reliable. A website called Azo materials states shear modulus for aluminium is "minimum 25GN/m2, maximum 34 GN/m2". (Azo materials, 2025). Another company sates that shear modulus for brass can be "37Gpa - 40Gpa". (CCT Precision machining). The company ‘Steel on Call’ states "For most steels, shear modulus is approximately 80Gpa" (steel on call, 2024). These pieces of information further confirm that the data collected for aluminium and brass were very close to what is expected however steel is not fully accurate. The two pieces of accurate data suggest the problems encountered wasn’t to do with equipment failure from the kit and likely due to the steel bar being over stressed, the same issue occurred when testing the brass bar however after resetting it a few times the data seems to be accurate, however it could explain the anomaly on the graph. Another potential cause of the anomalies on the brass and steel graphs could be down to a mismeasurement of diameter. 




Evaluation 
Overall, the experiment was successful and provided important information for the materials tested. Two main things that could have caused issues in the experiment are human error and equipment failure. Human error could be down to making a mistake while assembling the equipment, not securing the bar correctly, incorrect measurements including bar diameter or choosing the wrong material. Equipment failure could be down to either the actual kit having an issue or the bars that were tested giving inaccurate results. To limit error, the group made sure to use the instructions while setting up the equipment and had it checked over, put the bars out in the correct order and made sure the measuring equipment was correctly zeroed before use and had the same people measured bar diameter and twist angle to limit human error. The kit used had previously worked for other groups which suggested it had no issues. To further eliminate error digital callipers could be used to make diameter measurements more accurate and new metal bars could be used to improve reliability. 













Further Work
[bookmark: _Int_Qs9yFiQC]If this experiment could be repeated with unlimited resources and time, there is a few things that could be improved or changed. As previously mentioned, the bars had already been tested which means the data collected may not have been accurate due to the bars already having torsional forces put through them, to improve this new bars could be used to ensure full accuracy. Another thing that could be changed to improve the experiment would be looking at how temperature affects the results; this would mean testing the shafts in different temperature conditions to see what affect it would have on the overall performance of each bar. This experiment could also be used to look at a wider range of materials such as copper, titanium, magnesium and more, this would help further understand how materials with different properties perform under torsional loads. Along with this testing what difference diameter makes on the results would be useful, this would mean having multiple bars tested that are made from the same materials however having each of them have a different thickness. These are a few examples of how this experiment could be improved with unlimited resources and time.
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