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[bookmark: _Toc218967100]Introduction
This report will cover the findings of a torsion experiment of three different materials, and identify what the results mean. The aim is to compare how much each individual metal twists under a given load using technical equipment, and analyse what the data means for the specific materials in regards to use in production, and the benefits that each of the materials properties carries.
It will include a method for the experiment, giving all the necessary steps and points to consider when completing it, alongside error mitigation advice and how to accurately collect the data. It will also include tables for the findings of the tests, with relevant further calculations using the raw data. Charts to show the correlation between data has been included.

[bookmark: _Toc218967101]Experimental Procedure

This experiment looks at three different materials and identifies how much each of them twist when put under a rotational load. These materials are brass, aluminium, and steel, with each of them cut into a 0.34m long rod, with a diameter of 3mm. Two chucks are attached to a work panel in parallel at the desired height, a rotating chuck on the left hand and a fixed chuck on the right; these are used to hold the metal rods in place. Then a road is pushed through from the right side of the right chuck until it fully goes through to the left chuck, then the right chuck is tightened to secure the rod in place.
Now that the rod is in, the rotating chuck needs to be zeroed. This is done by setting the torque arm scale to 0 degrees, and then tightening the rotating chuck. To test the zeroed rotating chuck, the maximum load that is being measured is applied, and then taken off: if the scale still reads zero, the chuck is correctly tightened and zeroed. This must be done for each rod.
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Figure 1 - Experiment Setup

Now that the experiment is prepared, add weight starting from 100g to 500g and take note of the scale reading accordingly, be careful and steady when adding weight so that the scale does not go out of reading. Add this data into a table (as seen in the ‘analysis’ section of this report) to facilitate the findings of wider results, such as toque, twist angle in radians, and  to create graphs comparing torque, load, shear modulus, and twist angles.
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Figure 2 - Adding Weight
Figure 2 shows how weight is added to the rotating chuck, holding the bottom of the weight stack to relieve the stress off of the rod - doing this ensures that the angle reading wont be knocked out of 0 because the weight doesn’t get added suddenly.
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Figure 3 - Small Load Added
After the first 100g is added, take the reading of the twist angle by reading it at eye level to avoid parallax error.
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Figure 4 - More Weight Added
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Below are tables for the results of each of the three materials tested in the experiment.
	Shaft Modulus

	Load (m)
(g)
	Load (W)
(N)
	Torque (T)
(Nm)
	Twist Angle
(degrees)
	Twist Angle
(θ)(radians)
	TL
	J θ

	100
	0.98
	0.098
	7.00
	0.122
	0.033
	9.699E-13

	200
	1.96
	0.196
	11.75
	0.205
	0.067
	1.63E-12

	300
	2.94
	0.294
	17.50
	0.305
	0.100
	2.425E-12

	400
	3.92
	0.392
	23.50
	0.41
	0.133
	3.26E-12

	500
	4.90
	0.49
	29.50
	0.515
	0.167
	4.094E-12

	Material: Brass
	L = 0.34 m
	D = 0.003
	J = 7.95E-12



	Shaft Modulus

	Load (m)
(g)
	Load (W)
(N)
	Torque (T)
(Nm)
	Twist Angle
(degrees)
	Twist Angle
(θ)(radians)
	TL
	J θ

	100
	0.98
	0.098
	8.00
	0.14
	0.033
	1.113E-12

	200
	1.96
	0.196
	15.50
	0.271
	0.067
	2.154E-12

	300
	2.94
	0.294
	23.50
	0.41
	0.100
	3.26E-12

	400
	3.92
	0.392
	31.50
	0.55
	0.133
	4.373E-12

	Material: Aluminium
	L = 0.34 m
	D = 0.003
	J = 7.95E-12



	Shaft Modulus

	Load (m)
(g)
	Load (W)
(N)
	Torque (T)
(Nm)
	Twist Angle
(degrees)
	Twist Angle
(θ)(radians)
	TL
	J θ

	100
	0.98
	0.098
	3.00
	0.052
	0.033
	4.134E-13

	200
	1.96
	0.196
	5.50
	0.096
	0.067
	7.632E-13

	300
	2.94
	0.294
	8.00
	0.14
	0.100
	1.113E-12

	400
	3.92
	0.392
	10.50
	0.183
	0.133
	1.455E-12

	500
	4.90
	0.49
	13.00
	0.227
	0.167
	1.805

	Material: Steel
	L = 0.34 m
	D = 0.003
	J = 7.95E-12
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Knowing how much a material twists is vital information when considering materials to use in production since it affects structural integrity, safety and durability of a structure or product. For example, for cars it is vital to have a strong enough material so that parts do not deform since they are exposed to uneven terrain and harsh acceleration/deceleration in rotating parts such as axels and driveshafts.
By gathering the twist angle in degrees, other results such as the torque and twist angle in radians can be collected, which us is important for the shear modulus. With each of the rods having the same dimensions, the experiment outcomes depend entirely on the metals’ properties. Looking at the angles of twist, it is observed that the steel rod had the smallest twist angles, flowed by brass, and then aluminium with the largest twist angles, indicating that steel is the most rigid (with the highest shear modulus).
Where would each metal be applicable given the data?
Brass would be most utilised in valve stems, fittings and couplings because of its moderate flexibility and adaptability, which can be helpful in precise machined parts as a result of its ability to warp into small errors.  (Nalsen, 2025)
Aluminium is useful for lightweight components and reduction of stress. It is commonly used for various rotating components and shafts, such as rotary actuators and small motor shafts. This is because of its moderate torsional stiffness, ductility, and predictable elastic twist. (labaratory, 1996)
Steel has a vey heigh torque capacity, making it a reliable material for use in automotive vehicles, particularly in driveshafts, axels, and transmission parts. These parts operate under excessive amounts of torque, so steel is used since it can handle and operate efficiently in these environments. (Zenith, 2025)





[bookmark: _Toc218967104]Conclusion
These graphs made from the results of the experiment, they show the correlation between TL and Jθ for each of the materials, and the gradients of the lines identify the shear modulus.
All of the graphs have a positive linear correlation, showing minimal errors in the experiment, consistent accuracy, and that the torque is directly proportional to the twist. 
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Figure 5 - TL vs Jθ: Brass
[image: A graph with a line
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Figure 6 - TL vs Jθ: Steel
[image: A graph with a line
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Figure 7 - TL vs Jθ: Aluminium

[bookmark: _Toc218967105]Evaluation
For the experiment, it was important to have minimal errors in order to collect the most accurate data. 
To do this:
· All readings were double checked and validated by multiple team members 
· The scale was zeroed after each load
· Load was added gradually and steadily
· Care was taken near the table and work board to not knock the scale
· The scale was given 10 seconds before a reading was taken to eliminate false readings
· Grubscrews were checked for the correct tightness
· One member of the team kept an eye on the scales at all times
· The rods were inspected before using to check for previous dents or warps 
· Scales were read at eye level to avoid parallax error



[bookmark: _Toc218967106]Further Work
With unlimited time and resources, this experiment could be made better by:
· Use digital gauges for twist angle
· Hydraulic pressure instead of weights to put rotational force on the rods
· Have a variety of lengths and thicknesses of rods for a larger pool of data
· Automatic data sheet 
· Use a larger range of forces on the rods
· Have a separate team to carry out the same experiment so data can be compared, finding any outliers or errors in each others experiments.
· Calibrate the equipment more regularly
· Have a more controlled environment
· Complete the test in different environments to see how the materials act/change 
· Ensure each of the rods geometry are the same
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