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Chapter 1 - Introduction
Torsion is the effect of applying a torque, like twisting an object. It is a fundamental concept in engineering, as it is vital to selecting the material, length and thickness with the best properties for a particular use. An example of this could be a car’s driveshafts, which are put under a torsional load by the engine’s torque. In this case, the driveshafts need to twist as little as possible, however there are occasions when the torsion of a shaft is beneficial, such as anti-roll bars, where the bar twists elastically under load from the suspension in order to reduce body roll, and return to its initial shape. 
The aim of this technical report is to show understanding of fundamental physical concepts such as kinematics, forces and moments, and to also showcase understanding and methods of calculating the shear modulus with multiple materials. This will be achieved by explaining and analysing an experiment whereby the angles by which shafts of different materials twist by given a fixed end and a rotating end with a torque arm on which masses can be hung. By observing these angles and masses, along with measuring the diameter of each shaft, the shear modulus of each material can be calculated and compared with nominal textbook values.

Chapter 2 – Experimental Procedure
[image: ][image: ]The apparatus consists of a fixed chuck and a rotating chuck a set distance apart, in this case, 340mm. The rotating chuck has a scale on the torque arm that can be physically zeroed. Before fitting a specimen, it should be accurately measured with a vernier caliper in order to determine its diameter. In order to fit a specimen, both chucks must be loosened using the grub screws. Once in place, the fixed chuck can be tightened, followed by the rotating chuck ensuring that the scale is at zero degrees when it is tightened. It is important that these are tight in order to rule out any slipping when a torque is applied. After the experiment has been set up, a 100g mass can be hung from the end of the torque arm and the angle of twist on the scale can be noted down. For brass and steel, this should be repeated at intervals of 100g, up to 500g. For aluminium, 400g should not be exceeded as any more force could twist the rod beyond its elastic limit and permanently deform it.

Chapter 3 – Results
Below are key measured and calculated values required when calculating the shear modulus of a material – a table for each of the tested metals.
First, the weight of the masses was calculated using W=mg, using a value of 9.8ms^-2 for g. Then the torque was calculated using T=FD, in this case F being the weight and D being the length of the torque arm, 100mm (0.1m).
As the angle was recorded in degrees, it needed to be converted into radians by multiplying the value in degrees by π/180. TL is one of the key values needed. This is simply the torque multiplied by the length of the rod, which was 0.34m on all three occasions. Jθ is the polar second moment of area multiplied by the angle in radians. J was calculated as (πD^4)/32.
Calculated values for brass
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Calculated values for aluminium
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Calculated values for steel
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Chapter 4 – Analysis
In order to find the value of the shear modulus (G) for each metal, the gradient of the graph for TL/Jθ must be attained. G has units of pascals, or N/m^2. TL has units of Nm^2 and Jθ has units of m^4. By determining the gradient by likening the graph to a linear y=mx+c graph, the gradient of y/x becomes Nm^2/m^4, which results in N/m^2, or Pascals.


The above graphs and calculations result in the following values for G:
Brass – 4x10^10N/m^2 or 40GPa
Aluminium – 3x10^10N/m^2 or 30GPa
Steel – 8x10^10N/m^2 or 80GPa
The nominal textbook values for the shear modulus are as follows:
Brass – 38GPa
Aluminium – 25.5GPa
Steel – 79.6GPa
The experimental values for brass and steel are accurate within 10%, whereas aluminium has a discrepancy with its nominal value. This could be in part due to small errors in the experiment such as a misreading of the angle of twist. Despite this, the values are not too far from each other, showing that the experiment was largely successful.

Chapter 5 – Conclusion
In conclusion, the experiment was mostly successful as two of the three calculated values from TL/Jθ were within 10% of their nominal textbook counterparts. There were very few mistakes, and it helped to expand understanding of torsion and torque.
It is interesting to see the differences between the G values of the metals side by side, as on the below graph. As the gradients show, steel by far has the highest sheer modulus, with a steep graph, whereas brass and aluminium are fairly similar.


Chapter 6 – Evaluation
It was important to reduce the errors in measurement as much as possible in order to achieve accurate results.
One of these errors is a zero error, where if the angle scale was improperly zeroed, then every measurement taken would also be wrong by the same amount. This was reduced by having one person keep the scale in the right position at eye level (also to remove any parallax error), and another person locking off the screws.
Another possible error was the shaft spinning in the chucks, as opposed to twisting. This would lead to a greater angle being measured than the shaft actually twisted, skewing values. This was prevented by ensuring the grub screws were properly locked down onto the shaft.
For J, the diameter is raised to the power of four. This means that any slight misreading of the diameter measurement is amplified dramatically. Therefore, it was vital that the measurement was correct. This was done by having it checked by peers to confirm the reading.

Chapter 7 – Further Work
This experiment could be improved given more resources and time. For example, it could be tested on shafts thicker than 3.1mm, thus requiring heavier masses. This would help to verify the relationship of G with J (D^4). A more accurate angle measurement could be achieved using a digital angle sensor. This would also make it easier to zero the experiment before taking measurements.
Other possibilities include different metals, different alloys of the current metals, or treated versions of the current metals.
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Brass	y = 4E+10x - 0.0043
G = 4x10^10 N/m^2

1.0285783857576369E-12	1.9780353572262249E-12	2.8483709144057636E-12	3.7978278858743512E-12	4.9055276859210369E-12	3.3320000000000009E-2	6.6640000000000019E-2	9.9960000000000007E-2	0.13328000000000004	Jθ (m^4)


TL (Nm^2)




Aluminium	y = 3E+10x - 0.0044
G = 3x10^10 N/m^2

1.3450640429138329E-12	2.5318852572495677E-12	3.7187064715853023E-12	4.9055276859210369E-12	3.3320000000000009E-2	6.6640000000000019E-2	9.9960000000000007E-2	0.13328000000000004	Jθ (m^4)


Tl (Nm^2)




Steel	y = 8E+10x - 0.0004
G = 8x10^10

4.747284857342939E-13	8.7033555717953883E-13	1.2659426286247839E-12	1.7406711143590777E-12	2.2153996000933719E-12	3.3320000000000009E-2	6.6640000000000019E-2	9.9960000000000007E-2	0.13328000000000004	0.16660000000000003	Jθ (m^4)


TL (Nm^2)



Brass VS Aluminium VS Steel

Brass	1.0285783857576369E-12	1.9780353572262249E-12	2.8483709144057636E-12	3.7978278858743512E-12	4.9055276859210369E-12	3.3320000000000009E-2	6.6640000000000019E-2	9.9960000000000007E-2	0.13328000000000004	0.16660000000000003	Aluminium	1.3450640429138329E-12	2.5318852572495677E-12	3.7187064715853023E-12	4.9055276859210369E-12	3.3320000000000009E-2	6.6640000000000019E-2	9.9960000000000007E-2	0.13328000000000004	Steel	4.747284857342939E-13	8.7033555717953883E-13	1.2659426286247839E-12	1.7406711143590777E-12	2.2153996000933719E-12	3.3320000000000009E-2	6.6640000000000019E-2	9.9960000000000007E-2	0.13328000000000004	0.16660000000000003	Jθ


TL
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image3.emf
Load (mass)(kg) Load (weight)(N) Torque (Nm) Angle (°) Angle (rad) TL Jθ

0.1 0.98 0.098 6.5 0.1134464 0.03332 1.02858E-12

0.2 1.96 0.196 12.5 0.2181662 0.06664 1.97804E-12

0.3 2.94 0.294 18 0.3141593 0.09996 2.84837E-12

0.4 3.92 0.392 24 0.418879 0.13328 3.79783E-12

0.5 4.9 0.49 31 0.5410521 0.1666 4.90553E-12


image4.emf
Load (mass)(kg) Load (weight)(N) Torque (Nm) Angle (°) Angle (rad) TL Jθ

0.1 0.98 0.098 8.5 0.14835299 0.03332 1.35E-12

0.2 1.96 0.196 16 0.27925268 0.06664 2.53E-12

0.3 2.94 0.294 23.5 0.41015237 0.09996 3.72E-12

0.4 3.92 0.392 31 0.54105207 0.13328 4.91E-12


image5.emf
Load (mass)(kg) Load (weight)(N) Torque (Nm) Angle (°) Angle (rad) TL Jθ

0.1 0.98 0.098 3 0.0523599 0.03332 4.74728E-13

0.2 1.96 0.196 5.5 0.0959931 0.06664 8.70336E-13

0.3 2.94 0.294 8 0.1396263 0.09996 1.26594E-12

0.4 3.92 0.392 11 0.1919862 0.13328 1.74067E-12

0.5 4.9 0.49 14 0.2443461 0.1666 2.2154E-12
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