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                                         Torsion Test on Circular Shafts
 1.Aim: The aim of this experiment was to determine the shear modulus G of brass, aluminium and steel circular rods using torsion testing rig. The experiment also aimed to verify the theoretical relationship between applied torque and angle of twist elastic deformation in circular shafts.

2.Introduction: Torsion occurs when a structural member is subjected to a twisting moment, causing shear stresses to develop across its cross-section. Many engineering components such as drive shafts, axles, and transmission elements operate under torsional loading. Understanding the torsional behaviour of materials is therefore essential in mechanical and structural engineering design.
This experiment investigates the torsional response of brass, aluminium and steel rods by measuring the angle of twist produced by known applied torques. The experimental results are compared with published literature values to asses accuracy and validate torsion theory.

3.Theory: For a circular shaft subjected to an applied torque within the elastic limit, the relationship between torque and angle of twist is given by: 
                                                                 TL = GJϑ
Where, T= applied torque (N.m)
L= length of the shaft (m)
G= shear modulus (Pa)
J= polar second moment of area (m^4)
ϑ= angle of twist (radians)
For a solid circular shaft, the polar second moment of area is:
                                                               J = 
Where D is the diameter of the shaft.
Rearranging the torsion equation shows that plotting TL against Jϑ produces a straight line, where the gradient of the line is equal to the shear modulus G. This linear relationship is valid provided the material remains within its elastic region.

4.Experimental Method: the experiment was carried out using a torsion testing rig. Brass, aluminium and steel rods of known length and diameter were securely clamped at one end. Torque was applied at the free end using a system of incremental masses acting through a fixed torque arm. 
For each applied load, the corresponding angle of twist was measured using the angular scale provided on the apparatus. Loads were increased gradually to ensure the elastic behaviour and to avoid permanent deformation, particularly for aluminium.
Measured angles were recorded in degrees and later converted into radians for analysis. The applied load was converted into torque using the known torque arm length. For each material, values of torque T,TL,J, and Jϑ were calculated using Microsoft Excel.
Graphs of TL versus Jϑ were plotted for each material, and linear trendlines were applied to determine the shear modulus from the gradient.

5.Results
5.1 Graphical Results: Graphs of TL versus Jϑ were produced for brass, aluminium and steel. In each case, a strong linear relationship was observed, indicating elastic torsional behaviour.
                                                                    Figure 1: TL vs Jϑ for Brass
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                                                                Figure 1: TL vs Jϑ for Aluminium
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                                                                     Figure 1: TL vs Jϑ for Steel
[image: ]
[image: ]
                                              [Graphs and calculations inserted from Excel]

5.2 Shear Modulus Values: The shear modulus values were obtained from the gradients of the linear trendlines. High coefficients of determination (R^2) indicate good linearity.
	Material
	Gradient (Pa)
	G (GPa)
	R^2

	Brass
	4.0 x 10^10
	40
	0.9998

	Aluminium
	3.0 x 10^10
	30
	~ 1.00

	Steel
	8.0 x 10^10
	80
	0.9994



5.3 Pictures captured while doing the experiments:
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6.Discussion: The results obtained from the torsion experiment show good agreement with theoretical expectations and published literature values. Steel produced the most accurate result, with an experimental shear modulus of 80 GPa compared to the literature value of approximately 79 GPa. This close agreement indicates high measurement reliability and minimal experimental error for the steel specimen.
Brass also demonstrated good agreement, with an experimental value of 40 GPa compared to the expected value of approximately 38 GPa.
Aluminium produced a higher value than expected, with a measured shear modulus of 30 GPa compared to the literature value of approximately 25 GPa. This discrepancy may be attributed to several factors. Aluminium undergoes larger angular deformation compared to steel and brass, making accurate angle measurement more difficult. Any small error in angle measurement directly affects the calculated value of Jϑ and hence the gradient of the graph.

7.Sources of Error: The main sources of experimental error include:
· Uncertainty in measuring small angles of twist, particularly at low torque values
· Friction and backlash within the torsion testing rig
· Inaccuracies in measuring shaft diameter, which strongly affect the value of J
· Slight misalignment of the shaft during clamping 
· Assumption of homogeneous and isotropic material properties

8.Conclusion: The torsion experiment successfully determined the shear modulus of brass, aluminium and steel circular shafts using a torsion testing rig. The experimental results showed good agreement with published literature values, particularly for steel and brass. Aluminium exhibited a higher value than expected, which was attributed to experimental uncertainties and sensitivity to measurement errors. 
Overall, the experiment confirmed the linear relationship between torque and angle of twist and demonstrated the validity of elastic torsion theory for circular shafts.
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image1.emf
Load(m)(g) Load(W)(N) Torque(T)(Nm)Twist Angle(degrees) Twist Angle(ϑ)(Radians) TL Jϑ

100 0.98 0.098 6.5 0.113 0.033 1E-12

200 1.96 0.196 12.5 0.218 0.067 2E-12

300 2.94 0.294 18 0.314 0.100 2.8E-12

400 3.92 0.392 24 0.419 0.133 3.8E-12

500 4.9 0.49 30 0.524 0.167 4.7E-12

D=3.1 Material: Brass L=0.34 m J= 9.07*10^-12 m4

Shaft Modules
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image3.emf
Load(m)(g)Load(W)(N)Torque(T)(Nm)Twist Angle(degrees) Twist Angle(ϑ)(Radians) TL Jϑ

100 0.98 0.098 8.5 0.148 0.033 1.346E-12

200 1.96 0.196 17 0.297 0.067 2.691E-12

300 2.94 0.294 25 0.436 0.100 3.958E-12

400 3.92 0.392 32 0.559 0.133 5.066E-12

D=3.1

Shaft Modules

Material: Aluminium L=0.34 m J= 9.07*10^-12 m4
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image5.emf
Load(m)(g) Load(W)(N) Torque(T)(Nm) Twist Angle(degrees) Twist Angle(ϑ)(Radians) TL Jϑ

100 0.98 0.098 3 0.052 0.033 4.9E-13

200 1.96 0.196 5.5 0.096 0.067 9E-13

300 2.94 0.294 8 0.140 0.100 1.3E-12

400 3.92 0.392 10.5 0.183 0.133 1.7E-12

500 4.9 0.49 13 0.227 0.167 2.1E-12

D=3.13

Shaft Modules

Material: Steel L=0.34 m J= 9.37*10^-12 m4


