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[bookmark: _Toc184480420]Introduction
This assignment will cover a run of tensile strength tests applied to various materials, from metal to plastic. Through these tests, we can gain a better appreciation of how each material handles stretching – truly seeing their strengths and weaknesses as the load increases, as they progress from stretching/elasticity through to snapping. 
We will be able to observe the elasticity of each material as it stretches under loads applied, along with the yield point of each material and thus where the materials no longer obey Hooke’s Law (Hooke, 1678) which of course means the point of no return; the material is permanently stretched.



[bookmark: _Toc184480421]Experimental Procedure
This experiment was conducted via the use of a tensile-testing machine. There was a thread, with laterally protruding handles, the operator uses to twist and either increase or decrease the separation distance of the mounts the specimen is attached to. By increasing the separation, we increase the load upon the mounted specimen; we increase the tensile force applied. 
[image: ]The device photographed to the left (ACHA4002, 2024) applies the tensile load upon the material in the middle. There is equal force acting upon each end, pulling away from the middle, so the point where these forces collide is the middle. 











To show this understanding more clearly, photographed below is our PVC specimen (ACHA4002, 2024). We see the two square mounting points, joined by the central “arm”. Equal separation forces will meet in the middle. 
These material strips had the load increased progressively, measuring their extension precisely and tracking how much load was applied. We measured the load using the number of rotations of the top thread/handle. 
[image: ]
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For each material, the measurement (in mm) is that of the stretching read from the dial-gauge on the front of the device.
	 
	 
	 
	 
	 

	Load Nut 
	Steel
	Aluminum
	Duralumin
	PVC

	Movement
	 
	 
	 
	 

	(mm)
	(mm)
	(mm)
	(mm)
	(mm)

	0
	0
	0
	0
	 

	0.2
	0.08
	0.17
	0.17
	0.06

	0.4
	0.25
	0.24
	0.35
	0.13

	0.6
	0.45
	0.52
	0.54
	0.19

	0.8
	0.63
	0.7
	0.73
	0.23

	1
	0.81
	0.87
	0.9
	0.25

	1.2
	1
	1
	1.1
	0.2

	1.4
	1.7
	1.24
	1.28
	0.18

	1.6
	1.38
	1.41
	1.45
	0.15

	1.8
	1.56
	1.58
	1.65
	0.13

	2
	1.75
	1.75
	1.83
	0.13

	2.2
	1.93
	1.89
	2.02
	0.15

	2.4
	2.12
	2
	2.2
	0.14

	2.6
	2.31
	2.09
	2.39
	0.14

	2.8
	2.49
	2.2
	2.57
	0.14

	3
	2.66
	2.26
	2.74
	0.14

	3.2
	2.84
	2.38
	2.92
	0.15

	3.4
	3
	2.43
	3.1
	0.14

	3.6
	3.14
	2.51
	3.28
	0.14

	3.8
	3.25
	2.58
	3.46
	0.15

	4
	3.37
	2.61
	3.64
	0.14

	4.2
	3.5
	2.67
	3.82
	0.14

	4.4
	3.62
	2.7
	4
	0.14

	4.6
	3.74
	2.7
	4.16
	0.14

	4.8
	3.85
	2.76
	4.32
	0.13

	5
	3.96
	>snapped<
	4.46
	0.13

	6
	4.43
	
	4.75
	0.12

	7
	4.77
	
	4.92
	0.11

	8
	5
	
	>snapped<
	0.12

	9
	5.24
	
	
	0.14

	10
	5.3
	
	
	0.11

	20
	>snapped<
	
	
	0.11

	30
	
	
	
	0.08

	40
	
	
	
	>snapped<
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In the graph below, the top line (Load Nut) measures the distance the top chuck/mount is pulled upwards by the operator. The X-axis aligns 1:1 with this line, as they are both displaying the top-chucks movement. The Y-axis is the movement measured by our front gauge/spring deflection. 
Looking at the data in the form of a line graph, we can track the elasticity of the specimens more easily. Looking at the graph below, from 0mm of Load Nut movement up to 4.8mm of Load Nut movement, we can see the metals track in a consistent predictable manner – whilst the PVC quickly starts stretching. Where the machine puts on a load, the plastic does not hold that load/tension and stretches out – reducing the deflection of the springs below. The specimen “absorbs” the tension. So, at 3mm of load-nut movement, if the springs below read 2.5mm that means the specimen has stretched 0.5mm. 
So, we see PVC is the weakest and Duralumin is the stiffest. By that I am commenting on their ability to withstand stretching forces acting upon their respective specimens. PVC should be ashamed of itself.
Below we can compare the 




We can observe deformation across their entire respective load applied, for each specimen, using the following graphs which track the stress (measured in MPa) relative to the strain:


An anomaly can be observed within the data for steel, at 1.4mm of load-nut movement we measured a major jump in stretching. This is most likely due to a misread by the operator of the device, as the rest of the data follows a line/path you’d expect the data to follow. We can see the yield point occurring at 0.014179104 strain for our steel specimen, as it transitions into the plastic region before snapping after 0.07 strain. 

Very typical data for our aluminum specimen here, no sudden elasticity nor abrupt shifts. It appears the yield point for plastic deformation occurred at an early point, under 0.00238806 strain.



The graph for duralumin here bears a path of data suggesting it did not experience plastic deformation. Just consistent tensile strength under load until eventually snapping. The entire experience for it appears to have taken place in the elastic region, with no yield point nor plastic region. Just elastic until the eventual snap.

This graph for our PVC specimen shows how garbage PVC is under stress/stretching forces. Once the stress reaches 12.5 MPa it leaves the elastic region, hits its yield point, and enters the plastic region. The specimen is eager to stretch beyond this point, making precise extension measurements tricky. We see that represented in this graph with data that jumps and dips as we move across.

[bookmark: _Toc184480424]Conclusion
Comparing our results to data we can find online; we see a difference in the curve. 
Below we can see the tensile test results of a 6061 aluminum sheet following a tensile strength test (Safdarian, 2018). Their data shows a sharp spike followed by a smooth curve, leading to a sharp drop. Compared to our data, we see a smooth curve leading to the specimen snapping. This will in part be due to the composition of the aluminum used by the testers, being 6061 Aluminium (alloy), whereas ours was a pure aluminum specimen. This will also be due to the different scaling of our X-axes on the graphs, for I don’t know how to match my Y-axis data to specific X-axis increments. 
Nonetheless, we can observe one constant. Under very small strain, we see the specimen reach the yield point. For R. Safdarian it occurs before 0.02 strain, early on his graph (Safdarian, 2018). For us, the same deal. It occurs early on our graph. As we know, beyond the yield point the materials no longer obey Hooke’s Law and enter the plastic deformation phase (Hooke, 1678). This point is referred to as the “Yield Stress”. The amount of stress required to make the material yield. With a constant and even increase in strain beyond this point, the increase of stress in relation to the strain actually decreases smoothly – resulting in a smooth curve on both of our graphs. 
Given the small stretching tolerance of this material, we can denote aluminum as brittle. 

[image: ]If we compare our PVC specimen to our Aluminum specimen, we can see very clearly the difference between a brittle material and a ductile material. PVC being the ductile one.
(ACHA4002, 2024)




[bookmark: _Toc184480425]Evaluation
Through the testing conducted on all specimens we made sure to be extremely precise with our adjustment of the top load-nut handle, this was to ensure we were applying an exact load to the chucks. Precise handling of the chucks ensures the data to be as accurate as can be.
The data was immediately noted down to ensure data was not forgotten or misremembered. We had 2 people operating the device and 1 person assigned to taking account of the readings using his laptop. 
Granted, we appear to have one error from our testing. Errors can come from the simplest things, such as mis-reading the dial gauge. Perhaps, next time, it would be better to have someone double check the readings – though time is a concern. 




[bookmark: _Toc184480426]Further Work
With more time and resources, we could improve this test by conducting it more than once per specimen/material. The usage of multiple specimens per material would allow the operators to observe if the same material reaches the yield point as the same/very similar points across multiple tests. This would provide evidence of consistency and repeatable data.
Conducting this test with specimens of various thicknesses/dimensions would provide a more rounded data set, allowing one to observe if Youngs Modulus (Young, 1801) is consistent across different shapes/sizes of the same material under load.
A certain way to ensure higher accuracy would be a video recorder recording the dial gauge, as we encountered an issue with the PVC stretching quickly once we let go of the adjustment handle on top to give the reader time to read the dial. With a camera, we could reduce (if not eliminate) the time needed to pause and interpret the dial readings.
With spare funding, attaching a party blower to activate upon snapping of the material would certainly give the operator a more satisfying end to the test. 
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Steel	0	1.7910447761194032E-3	2.2388059701492539E-3	2.2388059701492534E-3	2.5373134328358217E-3	2.8358208955223873E-3	2.9850746268656708E-3	-4.4776119402985077E-3	3.2835820895522417E-3	3.582089552238806E-3	3.7313432835820895E-3	4.0298507462686603E-3	4.1791044776119373E-3	4.3283582089552247E-3	4.6268656716417856E-3	5.0746268656716399E-3	5.3731343283582138E-3	5.9701492537313416E-3	6.8656716417910442E-3	8.208955223880595E-3	9.4029850746268646E-3	1.0447761194029853E-2	1.1641791044776122E-2	1.283582089552238E-2	1.4179104477611936E-2	1.5522388059701494E-2	2.3432835820895528E-2	3.3283582089552247E-2	4.4776119402985072E-2	5.6119402985074625E-2	7.0149253731343286E-2	0	4	12.5	22.5	31.5	40.5	50	85	69	78	87.5	96.5	106	115.5	124.50000000000001	133	142	150	157	162.5	168.5	175	181	187	192.5	198	221.5	238.49999999999997	250	262	265	Strain


stress (MPA)




Aluminum	0	4.4776119402985075E-4	2.3880597014925378E-3	1.194029850746268E-3	1.4925373134328371E-3	1.9402985074626867E-3	2.9850746268656708E-3	2.388059701492536E-3	2.8358208955223904E-3	3.2835820895522386E-3	3.7313432835820895E-3	4.6268656716417951E-3	5.9701492537313416E-3	7.6119402985074663E-3	8.9552238805970102E-3	1.1044776119402988E-2	1.2238805970149258E-2	1.4477611940298504E-2	1.6268656716417914E-2	1.8208955223880594E-2	2.0746268656716419E-2	2.2835820895522392E-2	2.5373134328358211E-2	2.8358208955223872E-2	3.0447761194029851E-2	0	8.5	12	26	35	43.5	50	62	70.5	79	87.5	94.5	100	104.5	110.00000000000001	112.99999999999999	119	121.50000000000001	125.49999999999999	129	130.5	133.5	135	135	138	Strain


stress (MPa)




Duralumin	0	4.4776119402985075E-4	7.4626865671641857E-4	8.9552238805970063E-4	1.0447761194029861E-3	1.4925373134328354E-3	1.4925373134328339E-3	1.7910447761194013E-3	2.2388059701492556E-3	2.2388059701492556E-3	2.5373134328358199E-3	2.6865671641791069E-3	2.9850746268656678E-3	3.1343283582089547E-3	3.4328358208955221E-3	3.8805970149253699E-3	4.1791044776119442E-3	4.4776119402985051E-3	4.776119402985079E-3	5.0746268656716399E-3	5.3731343283582068E-3	5.6716417910447807E-3	5.9701492537313485E-3	6.5671641791044703E-3	7.1641791044776051E-3	0	8.5	17.5	27	36.5	45	55.000000000000007	64	72.5	82.5	91.5	101	110.00000000000001	119.5	128.5	137	146	155	164	173	182	191	200	208	216	Strain


stress (MPa)




PVC	2.0895522388059704E-3	4.0298507462686569E-3	6.1194029850746264E-3	8.5074626865671646E-3	1.1194029850746268E-2	1.4925373134328358E-2	1.8208955223880597E-2	2.1641791044776121E-2	2.4925373134328358E-2	2.7910447761194033E-2	3.0597014925373138E-2	3.3731343283582085E-2	3.671641791044776E-2	3.9701492537313428E-2	4.2686567164179103E-2	4.5522388059701498E-2	4.8656716417910445E-2	5.164179104477612E-2	5.4477611940298508E-2	5.7611940298507462E-2	6.0597014925373144E-2	6.3582089552238819E-2	6.6567164179104479E-2	6.9701492537313434E-2	7.2686567164179108E-2	8.7761194029850748E-2	0.10283582089552239	0.11761194029850747	3	6.5	9.5	11.5	12.5	10	9	7.5	6.5	6.5	7.5	7.0000000000000009	7.0000000000000009	7.0000000000000009	7.0000000000000009	7.5	7.0000000000000009	7.0000000000000009	7.5	7.0000000000000009	7.0000000000000009	7.0000000000000009	7.0000000000000009	6.5	6.5	6	5.5	6	Strain


stress (MPa)




Aluminum	0	4.4776119402985075E-4	2.3880597014925378E-3	1.194029850746268E-3	1.4925373134328371E-3	1.9402985074626867E-3	2.9850746268656708E-3	2.388059701492536E-3	2.8358208955223904E-3	3.2835820895522386E-3	3.7313432835820895E-3	4.6268656716417951E-3	5.9701492537313416E-3	7.6119402985074663E-3	8.9552238805970102E-3	1.1044776119402988E-2	1.2238805970149258E-2	1.4477611940298504E-2	1.6268656716417914E-2	1.8208955223880594E-2	2.0746268656716419E-2	2.2835820895522392E-2	2.5373134328358211E-2	2.8358208955223872E-2	3.0447761194029851E-2	0	8.5	12	26	35	43.5	50	62	70.5	79	87.5	94.5	100	104.5	110.00000000000001	112.99999999999999	119	121.50000000000001	125.49999999999999	129	130.5	133.5	135	135	138	Strain


stress (MPa)




Load Nut 	0	0.2	0.4	0.6	0.8	1	1.2	1.4	1.6	1.8	2	2.2000000000000002	2.4	2.6	2.8	3	3.2	3.4	3.6	3.8	4	4.2	4.4000000000000004	4.5999999999999996	4.8	0	0.2	0.4	0.6	0.8	1	1.2	1.4	1.6	1.8	2	2.2000000000000002	2.4	2.6	2.8	3	3.2	3.4	3.6	3.8	4	4.2	4.4000000000000004	4.5999999999999996	4.8	Steel	0	0.2	0.4	0.6	0.8	1	1.2	1.4	1.6	1.8	2	2.2000000000000002	2.4	2.6	2.8	3	3.2	3.4	3.6	3.8	4	4.2	4.4000000000000004	4.5999999999999996	4.8	0	0.08	0.25	0.45	0.63	0.81	1	1.7	1.38	1.56	1.75	1.93	2.12	2.31	2.4900000000000002	2.66	2.84	3	3.14	3.25	3.37	3.5	3.62	3.74	3.85	Aluminum	0	0.2	0.4	0.6	0.8	1	1.2	1.4	1.6	1.8	2	2.2000000000000002	2.4	2.6	2.8	3	3.2	3.4	3.6	3.8	4	4.2	4.4000000000000004	4.5999999999999996	4.8	0	0.17	0.24	0.52	0.7	0.87	1	1.24	1.41	1.58	1.75	1.89	2	2.09	2.2000000000000002	2.2599999999999998	2.38	2.4300000000000002	2.5099999999999998	2.58	2.61	2.67	2.7	2.7	2.76	Duralumin	0	0.2	0.4	0.6	0.8	1	1.2	1.4	1.6	1.8	2	2.2000000000000002	2.4	2.6	2.8	3	3.2	3.4	3.6	3.8	4	4.2	4.4000000000000004	4.5999999999999996	4.8	0	0.17	0.35	0.54	0.73	0.9	1.1000000000000001	1.28	1.45	1.65	1.83	2.02	2.2000000000000002	2.39	2.57	2.74	2.92	3.1	3.28	3.46	3.64	3.82	4	4.16	4.32	PVC	0	0.2	0.4	0.6	0.8	1	1.2	1.4	1.6	1.8	2	2.2000000000000002	2.4	2.6	2.8	3	3.2	3.4	3.6	3.8	4	4.2	4.4000000000000004	4.5999999999999996	4.8	0.06	0.13	0.19	0.23	0.25	0.2	0.18	0.15	0.13	0.13	0.15	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.15	0.14000000000000001	0.14000000000000001	0.15	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.13	Load-nut/Top-chuck travel distance


Measured spring deflecition
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