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[bookmark: _Toc218004202]Section 1 Introduction
This test’s main aims are to find the shear modulus of three different metal rods (brass, steel, aluminium) by using a Tecquipment “Torsion of Circular Sections Kit ES5” (techequipment, 2012), and explaining how to do the test, the results that were achieved from the test, analysing the results before comparing the results to other sources and their results, and explaining how to reduce errors and how to improve on the test.

[bookmark: _Toc218004203]Section 2 Experimental procedure
Step one set up:
The first step to set up the test is making sure both sides of the chucks (rotating and fixed) are properly secured to either side of the work panel, tightening down all four bolts properly before inserting one of the three metal rods (Figure 3) through the centre of each chuck. Then tighten down the fixed chuck. As for the rotating chuck, it is imperative that the dial calliper gauge 0 mark is lined up with the clear mark, as seen in Figure 1. Once everything is set up, it is safer to double-check everything to decrease any chances of the rotating chuck slipping or a part falling off, and it should end up looking like Figure 2, depending on what metal rod is used.
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[bookmark: _Toc218002588]Figure 1 rotating chuck  set to 0                 Figure 2 work panel with brass rod
[image: A few metal rods on a table

AI-generated content may be incorrect.]
[bookmark: _Toc218002589]Figure 3 three different metal rod (brass, steel and aluminim)


Step Two: Getting the Results
Once the board has been fully prepared, it is time to start the actual test. This involves getting weights from 100g to 500g (as seen in Figure 6), starting with the 100g weight, securing it to a piece of string attached to the rotating chuck, causing a rotational force on the rotating chuck and causing the rod to twist. A reading is then taken from the dial calliper gauge, making sure to get the clearest result possible. Once the resulting degree has been written down, the weight is increased to 200g, doing the same thing as previously stated, going up in 100g intervals until the final weight of 500g, giving a visual from Figure 4 to Figure 5.
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[bookmark: _Toc218002590]Figure 4 set up with 100g weight and brass   Figure 5 set up with 500g weight and brass    Figure 6 500g weight


Step Three: Replacing Rods and Repeating Test 
Once the results have been recorded for brass, it is time to reset the test by loosening the rod from both the rotating chuck and the fixed chuck, then pushing the rod through the fixed chuck. Once the rod has been fully removed through the same hole the brass rod was removed from, insert a new rod, in this case, aluminium (as shown in Figure 7). Whilst repeating step two, it is important that whilst testing the aluminium rod that “it only goes up to 400g  to avoid going above its elastic limit” (techequipment, 2012). After going all the way up to 400g with the aluminium rod, make sure to keep a good track of the exact degrees and properly redo everything if the rotating chuck does slip out of place.
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[bookmark: _Toc218002591]Figure 7 aluminium set up
Step Four: Final Repeat of Exam
Once the measurements for aluminium have been taken down, it is time to do the final rod, which in this case would be the steel block. After removing the aluminium rod and inserting the steel rod (as shown in Figure 9) after being properly inserted, it is necessary to repeat the step in the same way as brass, as there is no need to worry about the elastic limit with the steel bar. 
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[bookmark: _Toc218002592]Figure 8 steel rod with 100g weight            Figure 9 steel rod with rotating chuck

All the equipment used to find the in working of the data came from “torsion of circular section kit ES5” (techequipment, 2012).
[bookmark: _Toc218004204]Section 3 Results
	load
	brass
	steel
	aluminium

	grams (g)
	twist angle    (degrees)
	twist angle    (degrees)
	twist angle    
(degrees)

	100
	6.25
	2.5
	8.5

	200
	12.25
	5
	16

	300
	18.25
	7.5
	23.5

	400
	24.5
	10
	31.5

	500
	30
	12.5
	                                           N/A


[bookmark: _Toc218002502]Table 1 physical data found


[bookmark: _Toc218004205]Section 4 Analysis
[bookmark: _Toc218004206]Brass
Looking in-depth at the brass rod, using the information already available, to work out load and convert it into newtons from grams what starts by turning the grams into kilograms, then multiplying it by gravity to equal W=(m/1000)*9.81(gravity) or as to look into the techequipment handout that it states “its newton cause by gravity pulling down on the masses” (techequipment, 2012). Which, alongside this statement, gives the full list of newtons to confirm the numbers in the table were correct. Continuing on, to find the torque it's as simple as the newtons times 0.001 which can also be found in the tech equipment handbook “torque arm length=100mm” (techequipment, 2012). To find the twist angle in radians all that is needed for this is the degrees as “1◦=2π/360” (maths centre, 2000) the final equation that the tech equipment handbook is used for is the equation for the  “polar second moment of area=J=D4/32” (techequipment, 2012), then for the final two equations it is as simple as torque (T) times length (L)= (TL) and polar second moment of area J times twist angle in radians (θ)=Jθ and the final bit of information that is necessary is the modulus of rigidity what is the gradient between the TL and Jθ as seen in figure 10 as ending up as G=3.5x1010.
	load (m)      (g)
	load(w)        (N)
	torque(T)    (Nm)
	twist angle    (degrees)
	twist angle (θ) (radians)
	TL
	Jθ

	100
	0.981
	0.0981
	6.25
	0.109083078
	0.033354
	9.89018E-13

	200
	1.962
	0.1962
	12.25
	0.213802833
	0.066708
	1.93847E-12

	300
	2.943
	0.2943
	18.25
	0.318522588
	0.100062
	2.88793E-12

	400
	3.924
	0.3924
	24.5
	0.427605667
	0.133416
	3.87695E-12

	500
	4.905
	0.4905
	30
	0.523598776
	0.16677
	4.74728E-12

	
	
	
	
	
	
	

	
	L=0.34m
	D=0.0031m
	J=9.06665E-12m4
	
	
	

	
	
	
	
	
	
	


[bookmark: _Toc218002503]Table 2 brass full table
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[bookmark: _Toc218002593]Figure 10 modulus of rigidity brass
[bookmark: _Toc218004207]
Steel
Using everything that has been learned from the brass table, looking at the fact that the torque and load in newtons being same, which should be expected as there is no difference between the weights or the device used. That would make it the same as not only bronze but aluminium too. On the other hand, having a lower twist angle would suggest a lower twist angle (θ) and Jθ. Comparing this to the steel and the brass would be confirmed with 100g weights on the steel having a twist angle of 0.044, where the brass’s twist angle would be 0.109, and the modulus of rigidity ends up being over 8x1010, comparing to the brass where it is only 3.5x1010.
	load (m)      (g)
	load(w)        (N)
	torque(T)    (Nm)
	twist angle    (degrees)
	twist angle (θ) (radians)
	TL
	Jθ

	100
	0.981
	0.0981
	2.5
	0.043633231
	0.033354
	3.95607E-13

	200
	1.962
	0.1962
	5
	0.087266463
	0.066708
	7.91214E-13

	300
	2.943
	0.2943
	7.5
	0.130899694
	0.100062
	1.18682E-12

	400
	3.924
	0.3924
	10
	0.174532925
	0.133416
	1.58243E-12

	500
	4.905
	0.4905
	12.5
	0.218166156
	0.16677
	1.97804E-12

	
	
	
	
	
	
	

	
	
	L=0.34m
	D=0.0031m
	J=9.06665E-12m4
	
	


[bookmark: _Toc218002504]Table 3 steel full table
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[bookmark: _Toc218002594]Figure 11 modulus of rigidity steel




[bookmark: _Toc218004208]Aluminium 
Despite having the same equations of the other two metals, the main difference with aluminium is that it only goes up to 400g “due to the fact that it may go beyond its elastic limit” (techequipment, 2012), but also comparing it to the other two materials, it does also follow a similar pattern of increase, which can be seen in Figure 12, all whilst having a modulus of rigidity of 2.7x1010. This shows that despite having one less value of 500g it ends up with a similar rigidity of brass.

	load (m)      (g)
	load(w)        (N)
	torque(T)    (Nm)
	twist angle    (degrees)
	twist angle (θ) (radians)
	TL
	Jθ

	100
	0.981
	0.0981
	8.5
	0.148352986
	0.033354
	1.34556E-12

	200
	1.962
	0.1962
	16
	0.27925268
	0.066708
	2.53282E-12

	300
	2.943
	0.2943
	23.5
	0.410152374
	0.100062
	3.72008E-12

	400
	3.924
	0.3924
	31.5
	0.549778714
	0.133416
	4.98649E-12

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	L=0.34m
	D=0.0031m
	J=9.06665E-12m4
	
	


[bookmark: _Toc218002505]Table 4 full table aluminium
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[bookmark: _Toc218002595]Figure 12 modulus of rigidity aluminium






[bookmark: _Toc218004209]Section 5 Conclusion
To look in depth at the shear modulus, the first task is to get the graph’s results into a properly formatted graph, to get as accurate of a reading as possible. For this, it is necessary to change the graph into the whole numbers, as seen in Figure 13, but to get it in proper values this number will need to be put from Pa to GPa. Which for aluminium ends up being 27x109 GPa. Also, the measurement for mild steel ends up being 84.3x109 GPa, going off the Tech Equipment handbook, “there should be within 10 percent of the given values what are for steel = 79.6x109 GPa and for aluminium = 25.5x109 GPa as seen in Table 5” (techequipment, 2012). Also, to confirm that the two metals are within a right range, the Cambridge Structure Data Book suggests “that the shear modulus for steel should be 81x109 GPa and as for aluminium it is stated as being 26x109 GPa” (universty of cambridge, 2018). Unfortunately, Cambridge did not have any results for brass, so to do that separately using different sources may lead to some discrepancies. So the value for brass ends up being 34.9x109 GPa. According to the Tecquipment handbook, “it states that brass should be at 38x109 GPa” (techequipment, 2012). But another source that has all three with aligning values of having “aluminium having a value 25x109 GPa alongside steel value being 83x109 GPa and finally brass value being 37x109 GPa, what can be seen in Table 6” (Dhaher, 2019). Looking into our base values alongside the Tecquipment handbook, as they will have the closest results, as they have done the same test with all three being in the ten percent range.
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[bookmark: _Toc218002596]Figure 13 aluminium table with whole number
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[bookmark: _Toc218002506]Table 5 tech equipment table of sheer modulus (techequipment,2012) 
[image: .1 Room-Temperature Elastic and Shear Moduli and Poisson's Ratio for Various Metal Alloys]
[bookmark: _Toc218002507]Table 6 table of sheer modulus (Dhaher, 2019)



[bookmark: _Toc218004210]Section 6 Evaluation
Whilst doing the test, it is important to get as close to a perfect test as possible. Of course, having the brass below the suggested shear modulus whilst having steel and aluminium above the suggested values would suggest that the test wasn’t perfect. To try keep it as close to perfect as possible, the results were double-checked by different people as to get an accurate reading. In case the equipment did slip when resetting it up, it was imperative that it was set to zero, but with it slipping a lot on the brass, it would suggest that it wasn’t perfect. However, with multiple people checking, everything that was done was the best way to eliminate any chances of anything going wrong.


[bookmark: _Toc218004211]Section 7 Further work
Given unlimited time, a test would be run in 10g increments instead of 100g, as this would give a more accurate result and would go above 500g, this would also give more results. If given an unlimited budget, the best way to go would be buying all different sizes of test and rods, as this would give a better idea into what the shear modulus is and how the length or thickness of the material could potentially affect it. With extra time the capability to decrease errors by running the same test multiple times would be an advantage in order to get multiple results and multiple graphs for each test. To find a medium, assuming there are no outlying results, only doing one test may have rogue results. Another way to decrease the chances of a rogue result would be to use several different test kits because with every use the rods may effect the test kit and if a new kit is used every time it will lessen the chances of anything going wrong. The last change to the kit would be a better gauge as a bigger gauge may help to not only read the results but get a more accurate results compared to the old gauges.
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Material Value
(GPa or GN.m'2)

Aluminium 255
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Mild Steel 79.6
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Metal Alloy
Aluminum
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Copper
Magnesium
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Steel
Titanium
Tungsten

Modulus of Shear

Elasticity Modulus

GPa 10° psi GPa 10° psi
68 10 25 3.6
97 14 37 54
110 16 46 6.7
45 6.5 17 2.5
207 30 76 11.0
207 30 83 12.0
107 15.5 45 6.5
407 59 160 232
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