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1. Introduction 

Torsion is a fundamental mode of loading in mechanical components such as drive shafts, axles, and transmission systems, where a torque is applied causing angular deformation. Understanding how different materials respond to torsional loading is essential in engineering design, as it directly influences stiffness, strength, and reliability. Within the elastic range, the relationship between applied torque, shaft geometry, material properties, and angle of twist is described by the torsion equation, which predicts a linear relationship between torque–length (TL) and the product of the polar second moment of area and angular twist (Jθ).
The aim of this experiment was to investigate the torsional behaviour of circular shafts made from different materials—brass, aluminium, and steel—and to verify the theoretical linear relationship between TL and Jθ. By applying incremental loads to each shaft and measuring the resulting angle of twist, experimental data were obtained and compared across materials. This allowed the relative torsional stiffness of each material to be evaluated and assessed against theoretical expectations. The experiment also served to assess the consistency, accuracy, and limitations of the experimental method used to study elastic torsion.



2. Experimental procedure 
Equipment:
Work panel 
Fixed chuck 
Rotating chuck with angle reader
Masses up too 500g
3 shafts of different materials 
Allen key 

First using thumb screws attach the fixed chuck on the right hand side of the work panel then attach the rotating chuck on the left side of the panel at the same level then insert any of the shafts through the fixed chuck and line it up into the rotating shaft then using and allen key secure the chucks onto both of the shafts ends. Make sure the angle indicator is on the zero before adding any masses, if it is start adding weights in increments of 100g all the way up to 500g at every stage note down the degree of twist. Then go in reverse to remove the masses and the shaft and insert a different material shaft and repeat the procedure for the twice over for both the other materials. 
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3. Results
	Brass shaft modulus:
	Length=0.34mm
	3mm

	



	
	J=
	7.95216E-12

	
	
	
	
	
	
	

	load (m)(g)
	load (W)(N)
	Torque (T)(Nm)
	Twist Anlgle (deg)
	Twist Angle (rads)
	TL
	Jθ

	100
	0.98
	0.098
	7.00
	0.122173
	0.033
	9.71539E-13

	200
	1.96
	0.196
	11.75
	0.205076
	0.0666
	1.6308E-12

	300
	2.94
	0.294
	17.50
	0.305433
	0.100
	2.42885E-12

	400
	2.92
	0.392
	23.50
	0.401524
	0.133
	3.19298E-12

	500
	2.90
	0.490
	29.50
	0.514872
	0.166
	4.09434E-12






	aluminium shaft modulus:
	Length=0.34mm
	3mm

	



	
	J=
	7.95216E-12

	
	
	
	
	
	
	

	load (m)(g)
	load (W)(N)
	Torque (T)(Nm)
	Twist Anlgle (deg)
	Twist Angle (rads)
	TL
	Jθ

	100
	0.98
	0.098
	8.00
	0.139626
	0.033
	1.11033E-12

	200
	1.96
	0.196
	15.50
	0.270526
	0.666
	2.15127E-12

	300
	2.94
	0.294
	23.50
	0.4101524
	0.100
	3.2616E-12

	400
	2.92
	0.392
	31.50
	0.5497787
	0.133
	4.37193E-12








	Brass shaft modulus:
	Length=0.34mm
	3mm

	



	
	J=
	7.95216E-12

	
	
	
	
	
	
	

	load (m)(g)
	load (W)(N)
	Torque (T)(Nm)
	Twist Anlgle (deg)
	Twist Angle (rads)
	TL
	Jθ

	100
	0.98
	0.098
	3.00
	0.0523599
	0.033
	4.16374E-13

	200
	1.96
	0.196
	5.50
	0.0959931
	0.666
	7.63352E-13

	300
	2.94
	0.294
	8.00
	0.139626
	0.100
	1.11033E-12

	400
	2.92
	0.392
	10.50
	0.1832596
	0.133
	1.45731E-12

	500
	2.90
	0.490
	13.00
	0.226893
	0.166
	1.80429E-12


 









4. Analysis 

The brass graph shows a clear positive linear relationship between Jθ and TL. This indicates that as Jθ increases, TL directly proportionally. This trend repeats itself for each of the materials in in each graph. 

The data points in each of the graphs are all relatively close to the line of best fit, and without much scatter. This suggests the relationship between the values are predictable and consistent. This therefore tells us that the underlying physical trend of governing TL is linear over the tested range of Jθ.

Although the form of the relationship is the same materials, the rate at which TL increases differs. This is reflected in the different gradients of the best-fit lines. Steel exhibits the steepest slope, followed by brass, and then aluminium. This shows that for the same increase in Jθ, steel produces the greatest increase in TL, while aluminium produces the smallest. 

All three materials demonstrate a strong linear dependence of TL on Jθ, confirming that the same fundamental mechanical relationship applies regardless of material type. However, the magnitude of the response differs significantly between materials.

Steel shows the greatest sensitivity, with TL increasing rapidly even for small changes in Jθ. Brass exhibits an intermediate response, while aluminium shows the lowest sensitivity, requiring larger values of Jθ to achieve comparable TL values. This ordering—steel > brass > aluminium—is consistent with expectations based on material stiffness and resistance to deformation.

Therefore, while the trend is universal, the gradient of each graph provides a clear means of distinguishing material behaviour. These results indicate that stiffer materials produce higher TL values for the same applied torsional parameter, reinforcing the conclusion that material properties strongly influence the TL–Jθ relationship.












5. Conclusion 
The aim of this experiment was to investigate the relationship between torque–length (TL) and Jθ for different shaft materials and to compare their torsional behaviour. The experimental results show that all tested materials exhibit a strong linear relationship between TL and Jθ, confirming the theoretical torsion equation and validating the experimental method used.
For brass, aluminium, and steel shafts, the plotted data closely followed straight-line trends with minimal scatter, indicating that the shafts behaved elastically over the applied loading range. This demonstrates that TL is directly proportional to Jθ and that no significant plastic deformation or non-linear effects occurred during testing.
Although the same linear trend was observed for all materials, the gradients of the graphs differed, highlighting the influence of material properties. Steel produced the steepest gradient, followed by brass, with aluminium showing the shallowest gradient. This indicates that steel is the most torsionally stiff material, requiring the least angular deformation for a given applied torque, while aluminium is the least stiff.
The experimental ordering of material behaviour—steel > brass > aluminium—is consistent with known values of shear modulus and confirms that stiffer materials generate higher TL values for the same Jθ. Minor negative intercepts observed in the graphs are likely due to experimental uncertainties such as measurement error, friction, or initial alignment offsets and do not significantly affect the overall conclusions.
In summary, the results confirm that torsional response is governed by material stiffness and that the torsion equation reliably predicts shaft behaviour within the elastic range. The experiment successfully demonstrates the effect of material properties on torsional deformation and provides strong agreement between theory and experimental data.











Evaluation 
Methods of eliminating errors in this experiment is somewhat limited however I did make sure the reader in the rotating chuck was zeroed, to make sure there wasn’t any systematic error. Also I made sure to get level with the reader whenever I noted down the new reading. 
[bookmark: _GoBack]Additionally I could’ve repeated each of the experiments 3 or so times and got a mean value. 
 
Steel

brass	
4.1637411411869984E-13	7.6335214494312937E-13	1.1103277901206377E-12	1.4573090018076292E-12	1.8042886230633398E-12	3.3000000000000002E-2	6.6600000000000006E-2	0.1	0.13300000000000001	0.16600000000000001	Jθ


TL





brass	y = 4E+10x - 0.0049

9.7153880439465917E-13	1.630796426788563E-12	2.4288509870648499E-12	3.1929816481199701E-12	4.0943426722458069E-12	3.3000000000000002E-2	6.6600000000000006E-2	0.1	0.13300000000000001	0.16600000000000001	Jθ


TL




Aluminium

brass	
1.1103277901206377E-12	2.1512650634564881E-12	3.2615960344396877E-12	4.3719262102072461E-12	3.3000000000000002E-2	6.6600000000000006E-2	0.1	0.13300000000000001	0.16600000000000001	Jθ


TL
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