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1. [bookmark: _Toc216127942]Introduction

This report aims to identify and understand the sheer modulus of brass, aluminium and steel based on a lab experiment conducted in UWTSD. The report will also explain step by step how the experiment was conducted and how to carry it out. The report aims to display data gained from the lab in an easy to read and professional way and suggest ways that the experiment can be improved with unlimited money and time. 


2. [bookmark: _Toc216127943][bookmark: _Hlk193206071][bookmark: _Hlk193206408]Experimental Procedure

[bookmark: _Toc216127944]2.1 Experiment Overview

This experiment was conducted over a 2 hour period where, the twist angle was measured off of a rotating chuck when increments of 100g was added to the weight hangar. The purpose of this is to use the data collected from the lab and calculate the modulus of rigidity.



[bookmark: _Toc216127945]2.2 Experimental Procedure

There were many different steps that had to be followed accurately for this experiment. The first step was to thoroughly read and understand the provided guidance notes in the Torsion Kit ES5 booklet. This step is vital as if the steps are not understood the experiment will be incorrect. If all the steps aren’t followed correctly it would also not be a fair test. The second step was to fully assemble the equipment. Below is an image with the setup and a list of all of the equipment required.
[image: A machine with a piece of paper

AI-generated content may be incorrect.]
[bookmark: _Toc216115120][bookmark: _Toc216136644][bookmark: _Toc218343124]Figure 1 - Full Setup before the experiment took place
The equipment used in this experiment consists of:
1. Fixed Chuck
2. Rotating Chuck
3. Brass Rod (340mm)
4. Aluminium Rod (340mm)
5. Steel Rod (340mm)
6. 50 10g weights
7. Weight hangar
8. Work Panel
After the experiment is fully assembled, the rotating chuck must be zeroed before the brass rod is tightened inside of it. If necessary, it is possible to use the grubscrews to make minor movements to ensure the chuck is properly zeroed (TecQuipment, 2012). This allows the measurement to be accurate. After the chuck is zeroed, the rod can be tightened into the fixed chuck. 
[image: A metal ruler on a table

AI-generated content may be incorrect.]
[bookmark: _Toc216115121][bookmark: _Toc216136645][bookmark: _Toc218343125]Figure 2 - The rotating chuck that has been zeroed

After the chuck is zeroed, the weight hangar can be attached. With this attached, 10 x 10g weights can be added to the weight hangar. After they are added, it is important that the brass rod is tightened properly. This removes the issue of the bar spinning and removing the accuracy and fairness of the test. 


Then, the twist angle can be measured from the rotating chuck. This step is repeated 4 more times to give a total of 500g of mass added to the weight hangar while taking measurements after each 100g.
[image: A close-up of a mechanical device

AI-generated content may be incorrect.]
[bookmark: _Toc216115122][bookmark: _Toc216136646][bookmark: _Toc218343126]Figure 3- The Weight Hangar With 10 10g Weights Applied To It
After this, take the brass rod out and measure the diameter using a vernier calliper. These steps are then repeated for the aluminium and steel rod. With the aluminium rod, it is important that the weight does not exceed 400g. this is because the rod may be twisted beyond its elastic limit (TecQuipment, 2012). 






3. [bookmark: _Toc216127946]Raw Results

Below, are the raw results taken from the lab and placed into an excel table.
[bookmark: _Toc216115168][bookmark: _Toc216136686]Table 1- Brass Rod Data Collected From the Lab
[image: A screenshot of a computer

AI-generated content may be incorrect.]
[bookmark: _Toc216115169][bookmark: _Toc216136687]Table 2- Aluminium Rod Data Taken Directly from The Lab
[image: A white box with black text

AI-generated content may be incorrect.]
[bookmark: _Toc216115170][bookmark: _Toc216136688]Table 3- Steel Rod Data Collected Directly from The Lab
[image: A white sheet with black text and numbers
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4. [bookmark: _Toc216127947]Analysis

The data collected from the lab can be used to calculate the Torque, the load, twist angle in radians, TL and the Jθ. The purpose of these calculations is to calculate the sheer modulus. Sheer modulus is the materials resistance to a change in shape when a force is applied to it (Cope, 2025). This is important as it allows manufacturers and designers to predict a materials limit before it fails.

[bookmark: _Toc216127948]4.1 Calculations

Below is a table with all of the calculations used within the tables.

[bookmark: _Toc216136689]Table 4- A list of every calculation used within the experiment
	Load (N)
	

	Torque (Nm)
	

	Twist Angle (Radians)
	

	TL
	

	J
	

	Jθ
	





[bookmark: _Toc216127949]4.2 Table analysis

[bookmark: _Toc216127950]4.2.1 Brass Rod
The first table that was created was for the brass rod.
[bookmark: _Toc216136690]Table 5- The table for the brass rod
[image: A screenshot of a computer

AI-generated content may be incorrect.]
[bookmark: _Toc216136691]Table 6- Brass Rod length, Diameter and J
[image: A black and white rectangle with black lines

AI-generated content may be incorrect.]

From these tables, it is clear that brass has a moderate torsional stiffness when compared to the steel and aluminium. These results confirm the linear relationship between Torque and the twist angle. The diameter was measured accurately using the vernier calliper, if this was not measured correctly the final sheer modulus calculation would be incorrect.





[bookmark: _Toc216127951]4.2.2 Aluminium Rod

The table below was created using the results gained from measuring the aluminium rod. The data was accurately calculated to give all the final figures below.
[bookmark: _Toc216136692]Table 7- The completed table for the aluminium rod
[image: ]
[bookmark: _Toc216136693]Table 8- Aluminium Rod length, Diameter and J
[image: A white rectangular object with black lines

AI-generated content may be incorrect.]

These figures also indicate the measurements were accurate as they increase at a linear rate. This supports the data gained from the lab and there doesn’t appear to be any anomalies. Aluminium, compared to brass and steel has a low torsional stiffness and struggles to resist twist force. This can be used within the engineering industry on plane wings for example as they are required to bend and twist because of high turbulence (turbli, 2022).




[bookmark: _Toc216127952]4.2.3 Steel Rod


[bookmark: _Toc216136694]Table 9- Steel Rod Completed table
[image: A white rectangular box with black text
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[bookmark: _Toc216136695]Table 10- Steel rod Length, Diameter and J
[image: A black and white line

AI-generated content may be incorrect.]

These sets of data for steel also follow the linear pattern which helps prove the data was accurately measured. Steel has a very high torsional stiffness and reacts well against a torsional force. This makes it useful within the engineering industry as steel is often used in car chassis which can feel high torsional forces when going around corners at high speeds. 








[bookmark: _Toc216127953]4.3 Graph analysis

While creating the graphs, it is important that the line of best fit goes through zero. This ensures that the data is easier to read and more accurate. 


[bookmark: _Toc218343127]Figure 4 - Brass Graph

The brass graph shows a clearly linear relationship between Jθ and TL as they increase at an equal rate. The graph also shows the sheer modulus of 34.4GPa. This will be compared against the values in the guidance book

[bookmark: _Toc218343128]Figure 5 - Aluminium Graph

This graph shows the relationship between TL and Jθ on the aluminium rod. The relationship is almost perfectly linear. The sheer modulus results to 26.9GPa


[bookmark: _Toc218343129]Figure 6 - Steel Graph
The steel graph shows a modulus of rigidity of 76.2GPa. this shows that the steel is the most rigid material out of the 3. The graph also shows the linear pattern between TL and Jθ of the data helping to prove its accuracy.







5. [bookmark: _Toc216127954]Conclusions

In this experiment, the angle of twist and the load were measured to eventually calculate the sheer modulus and how brass, steel and aluminium handle torsional forces applied to their body. This experiment turned out to be almost perfect. This Is based on the final calculations of the sheer modulus and comparing them to a separate test.  The average value of modulus of rigidity with brass is 40.02GPa. This value is similar to the result gained from the experiment. The reason there could be a difference is because of human error like not zeroing the gauge properly. On the provided guidance book, the modulus of rigidity in it is 38GPa (TecQuipment, 2012). The value gained from the experiment is within 10% of that value.

The value gained from the experiment of aluminium was 26.9GPa. when this is compared to other experiments completed, the result of 31.17 GPa was found (Gomez, 2013). This is close to the result gained in the lab. On the provided guidance book, the sheer modulus should be within 10% of 25.5GPa (TecQuipment, 2012) which, the result gained from the lab is. This shows that the test was a success and the results were recorded accurately.

The value of modulus of rigidity of the steel was much higher than brass and aluminium. this is due to steel being a much more rigid material. The value gained from the steel was 76.2GPa. this is within the tolerance of the guidance book as the modulus of rigidity within the booklet is 79.6GPa (TecQuipment, 2012). The calculation of 81GPa was found when measuring the sheer modulus of steel (Eurocode, n.d.).


6. [bookmark: _Toc216127955]Evaluation

There are many different steps to eliminate all possible errors. One of the ways to do this would be to ensure that the rotating chuck and gauge are zeroed. This minimises errors as if it is zeroed correctly the number will be exact. Even the smallest amount of 0.1 degrees could cause the results to be incorrect.
Another way to minimise the risk of errors is to measure everything twice. This allows the test to be fair as checking all the measurements twice allows better accuracy.
Another precaution to take is to ensure that the rod is properly fastened into the chuck. This removes the error of the rod slipping and causing a mismeasurement. This is a vital precaution to make to ensure that all the measurements are accurate.




7. [bookmark: _Toc216127956]Further Work

If the test were to be repeated but with unlimited time and resources, there are many possible changes that could be made. One of those changed would be to use a digital gauge to measure the twist angle. The reason this would improve the test and make it fairer is due to the fact that the measurement would not be taken with the human eye. This would remove human error allowing the test to be more accurate. 
Another improvement that could be made with unlimited time would be to repeat the test multiple times. This would allow an average to be made of each material making the results much more accurate.
A digital vernier calliper could also be used to ensure the reading of the diameter is correct. If this is incorrect the modulus of rigidity could be calculated inaccurately.
The final improvement is to use an official machine designed to test the sheer modulus of materials. This will allow the test to be much more accurate as the machine is designed for the specific function and could apply the force at a constant rate with much more accurate readings.
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Brass	
1.0285783857576369E-12	1.9780353572262249E-12	2.8483709144057636E-12	3.797827885874352E-12	4.9055276859210369E-12	3.3320000000000002E-2	6.6708000000000003E-2	0.10006200000000001	0.13341600000000001	0.16677	Jθ


TL




Aluminium	
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Steel	
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TL
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