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[bookmark: _Toc218387427]Introduction
This report is on the experiment, results and analysis of those results when using the ‘Torsion of Circular Shafts’ Kit ES5. The materials used in this kit were brass, aluminium, and steel and these shafts were ranging from diameters of 3.5mm (brass), 3.2mm (aluminium) and 3.1mm (steel). The aim of this experiment was to find key information about the materials such as Twist angle, in degrees and radians, Torque Load, and the overall GPa of the material to see if it is within compliance with the textbook value.


[bookmark: _Toc218387428]Experimental Procedure
The first step of this experiment was to set up the kit itself, and it is fairly simple to do this. There are two feet that attach to a backplate which then houses the fitment for the rotating chuck and the fixed chuck (one rotates whilst the other is fixed to get that twisting motion). It is important that these chucks are 340mm apart from each other as that is the length of the specimen rods. 
[image: ]
Fig 1: Setting up the kit



Once all is attached, the rotating chuck must be set to 0 degrees to accurately measure the twisting amount from the weights. Hanging off that chuck is a piece of rope with a hook, where you attach a hooked rod onto the weights to sit on and pull down this rotating chuck, in turn twisting the specimen rod.
[image: ]
Fig 2: Adjusting the zero



Once set up, the specimen rod goes between the two chucks and then weights are added to the twisting end in 100g increments and at every increment data is recorded in the form of twisting in degrees, we do this until we get up to 500g for both brass and steel, and only 400g for aluminium to avoid twisting past it’s elasticity limit
[image: ][image: ]
Fig 3&4: Weights being added
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	Load (m) 
(g)
	Twist Angle
(Deg)

	 100
	6

	200
	11.5

	300
	17.5

	400
	23.5

	500
	29.5

	Material: Brass
	L = 0.34 m 
D = 3.5 mm                         

	Load (m) 
(g)
	Twist Angle
(Deg)

	100
	8

	200
	15.5

	300
	23.5

	400
	31

	Material: Aluminium
	L = 0.34 m 
D = 3.2mm

	Load (m) 
(g)
	Twist Angle
(Deg)

	100
	2.5

	200
	5

	300
	7.5

	400
	10

	500
	12.5

	Material: Steel
	L = 0.34 m 
D = 3.1 mm


	This is the raw data collected in the lab. Before processing data, we could only collect the load in grams, Twist angle in degrees (could have been converted to radians in the lab), length of specimen rod and diameter of specimen rod.
You can see here that the twisting amounts vary between each material as expected, demonstrating the torsional rigidity of each material, steel having the highest rigidity and aluminium having the least rigidity, with brass in the middle, fairly similar to aluminium but a bit more rigid.


[bookmark: _Toc218387430]Analysis
	Load (m) 
(g)
	Load (W) 
(N)
	Torque (T) 
(Nm)
	Twist Angle
(Deg)
	Twist Angle (θ)
(Rad)
	TL
	Jθ

	100
	0.98
	0.098
	6
	0.105
	0.033
	1.547x10^-12 (m^4)

	200
	1.96
	0.196
	11.5
	0.201
	0.066
	2.961x10^-12 (m^4)

	300
	2.94
	0.294
	17.5
	0.305
	0.099
	4.093x10^-12 (m^4

	400
	3.92
	0.392
	23.5
	0.410
	0.133
	6.039x10^-12 (m^4

	500
	4.90
	0.490
	29.5
	0.515
	0.166
	7.586x10^-12 (m^4

	Material: Brass
	L = 0.34 m 
	D = 3.5 mm                         
	J = 1.473x10^-11 (m^4)


This is the data processed after the lab for brass, as shown twist angle was converted from degrees to radians, load has been converted to from grams to Newtons, torques have been calculated along with Torque x Load (TL), J, and J x θ (Jθ) at each interval of load.




Using these values in the table a graph was made in excel which is TL vs Jθ and then a trendline + equation were added to get an average value to then calculate the GPa. 
	Material
	Calculation 1
	Calculation 2
	GPa
	Exp GPa
	% Calculation
	Within Tolerance?

	Brass
	0.022/10^-12
	2.2 x 10^10 Pa / 10^9
	22
	38
	38-22 = 16. 16/38x100 = 42.11%
	No


What this graph represents is a value for the Gradient, where y = mx+c, the gradient = G (sheer modulus). To convert the trendline to G (sheer modulus), the gradient was divided by the exponent. (0.022/10^-12) as seen in the table which equals 2.2x10^10 Pa. But we want to find GPa and considering G (Giga) is 10^9, the equation is then further divided by 10^9. Now the equation is 2.2x10^10/10^9 = 22Gpa. To then work out the tolerance the Textbook value was taken away from the result (38-22 = 16) and then the answer was divided by the textbook value and multiplied by 100 ((16/38) x100 = 42.11). This gave me an answer of 42% rounded and this is not within 10% Tolerance of the textbook value.


	Load (m) 
(g)
	Load (W) 
(N)
	Torque (T) 
(Nm)
	Twist Angle
(Deg)
	Twist Angle (θ)
(Rad)
	TL
	Jθ 

	100
	0.98
	0.098
	8
	0.140
	0.033
	1.442*10^-12 (m^4)

	200
	1.96
	0.196
	15.5
	0.271
	0.066
	2.791*10^-12 (m^4)

	300
	2.94
	0.294
	23.5
	0.410
	0.099
	4.223*10^-12 (m^4)

	400
	3.92
	0.392
	31
	0.541
	0.133
	5.572*10^-12 (m^4)

	Material: Aluminium
	L = 0.34 m 
	D = 3.2 mm                         
	J = 1.030x10^-11 (m^4)



	Material
	Calculation 1
	Calculation 2
	GPa
	Exp Gpa
	% Calculation
	Within Tolerance?

	Aluiminium
	0.0237/10^-12
	2.37 x 10 ^10 Pa / 10^9
	23.7
	25.5
	25.5-23.7 = 1.8. 1.8/25.5x100 = 7.06%
	Yes


In this table and chart for aluminium the calculations were the same apart from varying factors such as the diameter of the specimen rod, the amount of weight added and the amount of degrees the specimen rod twisted by, other than that, the way the data that was calculated had to be done in the same way. The calculation for GPa for aluminium was the trendline divided by the exponent (0.0237/10^-12) which equals to 2.37x10^10 Pa. This was then divided by G (Giga), to   2.37x10^10 Pa/10^9 which equated to 23.7 Gpa. Then 23.7 was taken away from the textbook value (25.5) to equate to 1.8. 1.8 was then divided by 25.5 and multiplied by 100 (25.5-23.7 = 1.8. (1.8/25) x100 = 7.06%). 7% rounded is within 10% tolerance of the textbook value.


	Load (m) 
(g)
	Load (W) 
(N)
	Torque (T) 
(Nm)
	Twist Angle
(Deg)
	Twist Angle (θ)
(Rad)
	TL
	Jθ

	100
	0.98
	0.098
	2.5
	0.044
	0.033
	0.399x10^-12 (m^4)

	200
	1.96
	0.196
	5
	0.087
	0.066
	0.789x10^-12 (m^4)

	300
	2.94
	0.294
	7.5
	0.131
	0.099
	1.188x10^-12 (m^4)

	400
	3.92
	0.392
	10
	0.175
	0.133
	1.587x10^-12 (m^4)

	500
	4.90
	0.490
	12.5
	0.218
	0.166
	1.977x10^-12 (m^4)

	Material: Steel
	L = 0.34 m 
	D = 3.1 mm                         
	                               
	 
	J = 9.068x10^-12 (m^4)
	 






	Material
	Calculation 1
	Calculation 2
	GPa
	Exp Gpa
	% Calculation
	Within Tolerance?

	Steel
	0.0838/10^-12
	8.38 x 10^10 Pa / 10^9
	83.8
	79.6
	83.8-79.6 = 4.2. 4.2/79.6x100 = 5.28%
	Yes


In this table and chart for steel the calculations were the same apart from varying factors such as the diameter of the specimen rod, the amount of weight added and the amount of degrees the specimen rod twisted by, other than that, the way the data that was calculated had to be done in the same way. The calculation for GPa for steel was the trendline divided by the exponent (0.0838/10^-12) which equals to 8.38x10^10 Pa. This was then divided by G (Giga), to   8.38x10^10 Pa/10^9 which equated to 83.8 Gpa. Then the textbook value (79.6) was taken away from the calculated value (83.8) to equate to 4.2. 4.2 was then divided by 79.6 and multiplied by 100 (83.8-79.6 = 4.2. (4.2/79.6) x100 = 5.28%). 5% rounded is within 10% tolerance of the textbook value.


[bookmark: _Toc218387431]Conclusion
The results acquired from the experiment were almost as expected, with Aluminium being 23.7 GPa, 7% from textbook value, and Steel being 83.8GPa, 5% from the textbook value, with the exception of Brass being 22 GPa, which is 42% out from the textbook value. 
According to (Ezlok, 2019), the shear modulus of brass is 37Gpa, this is shown on a table of brass material properties. A GPa of 23.7 means that this brass specimen rod is malleable and easy to distort with a lesser amount of stress (McClements, 2023) states “Generally speaking, any shear modulus below 10 GPa could be considered low - a single human will be able to deform such material by hand without much trouble.”
Steel, with a calculated 83.8 GPa is much more resistant to forces than Brass. According to (amardeepsteel.com, 2024.) Mild steel has a GPa of 79.3, which is very close to the textbook value of 79.6GPa. (McClements, 2023) Also states that “A shear modulus above 50 GPa is broadly considered high, as most soft metals have shear moduli of 40 GPa or lower”. This shows how much stress mild steel can withstand.
Aluminum with a GPa of 23.7 is fairly resistant to stress like the brass specimen rod, (AZO Materials, 2019) states that Aluminium has a GPa range of 25 to 34 GPa.

[bookmark: _Toc218387432]Evaluation
To eliminate errors as much as possible the rig had to be set up correctly, if not the results of the experiment would have been invalid. To do this the specimen rod of 340mm in length had to fit between the two chucks, and the angle gauge has to be set to zero degrees. After each test, the rig has to be set back to zero degrees to ensure the accuracy and legibility of the results. The specimen rods should be measured across 3 points (the two ends and the middle) to get an accurate reading of the rod’s diameter. Then when adding weights to twist the specimen rod they were added in a steady 100g increments and recorded at every increment. Some specimen rod’s cannot be twisted too far or the risk of twisting past elasticity limit is high, then the data can be invalid. An example of this would be Aluminium, only 400g could be added in weight, whereas Brass and Steel 500g of weight was added.

[bookmark: _Toc218387433]Further Work
If there were unlimited time and resources the experiment could’ve done with more specimen rods, multiple of the existing materials and extra to really demonstrate the range of resistance of forces in shear modulus. A material to demonstrate the lower end of shear modulus could be lead, a material in the middle could be titanium, and to demonstrate the very high end of shear modulus could be tungsten. Demonstrating with these materials with multiple test subjects of each not only shows a vast range of properties in shear modulus, it also validates results by having many specimen rods to test as one may have discrepancies, this ensures accuracy.
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TL vs Jθ (Aluminium)
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TL vs Jθ (Steel)
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