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[bookmark: _Toc202212541]Introduction
Throughout this assignment the main aims and objectives focus upon understanding appropriate engineering principles to carry out tensile tests as a group. This specific experiment involves theoretical and practical methods which ensures a proper representation of construction abilities, decision making, human error, interpreting and analysing results by utilizing simulation platforms, formulae, numerical and mathematical skills. When referring to the theoretical and practical methods it is essential to plan the experiment ensuring that all variables and sections of the task have been discussed thoroughly. This can be carried out by utilizing skills such as brainstorming and mind mapping to visualise the outcome of the experiment. Once brainstorming the experiment, assigning various tasks to individuals throughout the group. Suggesting that each individual appears to have an understanding of the skill sets needed to achieve the following goals and ambitions. So, a successful experiment can be accomplished. 
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When carrying out the experimental procedure for the various tensile tests, it is important to gain a knowledge and understanding of tensile loads, tests and to familiarize the formulae before constructing and proceeding with the experiment. After gaining a knowledge and understanding, constructing the engineering equipment and appliances needed for the experiment are essential. 
Engineering equipment and appliances 
The following engineering equipment and appliances needed for the experiment are listed below:
· Work panel
· Top plate
· Top chuck
· Bottom chuck
· Dial indicator
· Vertical scale
· Springs
· Load nut
· Load nut scale
· Allen key 
· Nuts
· Bolts 
· Washers
· Plastic safety guard
Materials needed for the experiment 
The tensile test requires materials in the form of a specimen; the following material types are listed below:
· Aluminium alloy
· Duralumin
· Mild steel
· PVC/plastic


The experimental set up 
The experimental set up involves various stages to ensure a straightforward procedure. The stages include constructing the engineering equipment, utilizing the measuring appliances, recording results, and analysing the results. 
Stages 
1. Construct the work panel, the work panel consists of two dark grey triangular plates which fasten to the white rectangular plate. Both fasten together using nuts and bolts which insert into either side of triangular plates picking up on the flanges located on the white plate. 

2. Once the work panel is fastened together, the tensile test is ready to be placed on the work panel using nuts and bolts. For instance, the tensile tester consists of a load nut, top plate, top chuck, bottom chuck, dial indicator, vertical scale, and springs.

Figure 1
Experiment- set up
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Tensile tester 
 The two chucks hold the material sample in place ensuring the security of the material whilst carrying out the testing. To move the material sample the load nut allows for the chucks to move up and down by 1mm each complete turn. To calculate the amount of strain placed upon each material sample the load nut has notches and a divided scale to help calculate this throughout ten increments. Furthermore, the dial indicator helps to measure the deflection of the springs once force is applied, these springs are connected to the bottom chuck. Therefore, the top plate has a vertical scale to ensure the turns are completed. 
3. When the tensile tester is constructed, the next step is to place the material sample into the tensile tester between the bottom and top chuck. Before doing this and carrying out the tensile test it is essential to measure the specimen and note which material is which. After the measuring has been carried out simply remove the plastic safety guard, then fit the sample and secure it. This can be achieved by inserting the bolts through each specimen hole onto the tapped blocks located in between the bottom and top chuck. After putting the bolts through use the Allen key, turn the bolts clockwise until hand tight and put the plastic safety guard back into position. 

Figure 2
Using the Allen key to secure the material sample 
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Measuring  
 When measuring the material specimens the required measuring equipment includes a vernier calliper. A vernier calliper consists of a fixed internal and external jaw, movable internal and external jaw, locking screw, vernier scale, fine adjustable screw, main scale, depth bar and a main body. This can be demonstrated in the figure below:

Figure 3
Parts and functions of a vernier calliper 
[image: Parts of a Vernier Caliper - Fine MetalWorking]
4. Measuring each of the specimens consist of using the vernier calliper to calculate the gauge length, the overall length and the width of the samples. Once all is calculated each specimen can be individually tested. 

Measurements recorded from each sample 
· Steel: 
	X:
	                    2.1
	Y:
	30.6
	Z:
	0.9


· Aluminium: 
	X:
	2.1
	Y:
	30.6
	Z:
	1.08


· Duralium:
	X:
	2.1
	Y:
	31
	Z:
	1.08


· Plastic:
	X:
	1.88
	Y:
	31.21
	Z:
	1




5. Once all the above has been completed, the experiment can now be carried out. To start the experiment it is important to do safety checks, check the specimen is placed correctly and fastened, ensure the top plate matches to zero on the vertical scale. Then make sure the load nut mark matches a notch on the load nut scale and the dial indicator is zeroed before starting. 

6. When all safety checks have been carried the experiment can be undertaken. The experiment was conducted as a group, team members took turns to turn the load nut, read the dial indicator, and record the results. 

Carrying out the experiment 
· To start the experiment it is essential to follow the table below to allow for efficient load nut movements:
Figure 4 
Tables for experimental recordings
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· When conducting the experiment simply turn the load nut clockwise counting in mm (e.g. 0.2mm,0.4mm,0.6mm etc.), then read the dial indicator and record the results in the table above. The dial indicator will move from 0 and show a completely different reading each time the load nut moves. This depends on the mm increments/elongation placed upon the material. Therefore, conduct each load nut movement until the material sample reaches its maximum force limit and fails. 
· To complete the experiment it is essential to conduct the load nut movements for each material sample, ensuring a steady load nut manoeuvre to reduce the likelihood of human error. Simply read the measurements on the dial indicator and record until each sample has reached maximum potential and fails. 
· when all material samples including aluminium, plastic, duralium and steel have been recorded, it is time for an analysis of each data set. This involves comparing the tensile strength of each material using excel, where graphs and tables can be created and generated. 



Images of carrying out the experiment: 
Figure 5
Dial indicator reading 
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Figure 6 
Material sample after tensile test
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Figure 7 
Plastic sample after tensile testing
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[bookmark: _Toc202212543]Results 
Before analysing and implementing the following recordings and results of each material sample (steel, aluminium, plastic and duralium) into Excel where the results can be compared. Firstly, it is important to visualize the results collected in the science laboratory to ensure that the results look worthy of being further analysed. For instance, when completing experiments a recording can be easily missed out and forgotten about or the recording taken does not match up or look appropriate. Therefore, before further analysis, options are available such as repeating the tensile test again and repeating a recording that was missed- this is only applicable if the material sample has not reached failure. 
The raw science laboratory results are shown below:
Figure 8
Raw data collected in the science laboratory
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[bookmark: _Toc202212544]Analysis 
When analysing the results from the recordings conducted in the science laboratory, using the platform excel allowed for results to be demonstrated within a specific manner. For instance, these results are placed in spreadsheets and graph forms.  
Link for Excel Spreadsheet and graphs- engineering science excel spreasheet- FINAL.xlsx
	
Figure 9
Steel graph 
	
Figure 10
Aluminium graph

	

Figure 11
Duralium graph
	
Figure 12
Plastic graph 
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The materials tested included Steel, Aluminium, Duralium and Plastic (PVC) as shown in the results above.  The following materials had been tested under increasing loads, which ensures that results can be recorded to compare and analyse the similarities and differences.
By using the sectional cross area and tension/elongation we were able to establish the elastic and plastic limits for each material and calculated the stress using MPa or N/mm2 of force.  
Steel was the strongest material, and the test results were best recorded of the available data set.  For instance, steel endured the highest loads up to 452MPa before shearing with close to 9mm of elongation.
The stress values are substantial, reflecting the high strength capacity of steel as a material, whereas strain increased gradually indicating a ductile and elastic material with near linear deformation before failure, which was not sudden/catastrophic.
Aluminium when compared to steel shows a lower maximum force and ability to handle stress, with less elongation before failure. A lighter material, but with stress handling limitations, lower tensile and elongation properties. 
Duralium, an aluminium alloy, is expected to behave ‘between the limitations’ of steel and aluminium, and indeed this is reflected in the data collected. It offers a linear behaviour similar to steel, but at lower stress loads. Elongation is limited prior to failure.
Plastic showed a bizarre behaviour with ‘increasing and decreasing values. It moved from elastic to plastic behaviours very early on and was a brittle material overall.  The graphical results appear to show challenges with data collection indicating that this result may not be as reliable as would be hoped for.



[bookmark: _Toc202212546]Evaluation
During the experimentation efforts were made to keep errors to a minimum, however, the following errors are evident or potentially evident in the data set.
1. Human Error: lock nut could potentially be rotated incorrectly, lack of smooth operation, poor reading of lock nut scale. 
2. Lack of efficiency in reading the dial gauge in a timely manner, for example if not quickly read the material characteristics could evidently change.
3. Mis-recording of data
4. Environmental factors – temperature, vibration, manual handling of material before testing
To mitigate these risks, safety checks were made ensuring the engineering equipment and appliances were secured and set up correctly to reduce environmental impacts.
Team members worked to collect data as efficiently as possible.


[bookmark: _Toc202212547]Further work
With time and funds, a climate-controlled environment would have been used, with video cameras to record minute movements between readings.  Step motors to adjust loads, along with a digital recording system linked to a data collection solution would allow for more accurate, substantial, and detailed data sets for analytical procedures.  
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STEEL TENSILE TEST : Stress v Strain

 STRESS Force/Area (N/mm2) MPa 	7.9365079365079358	16.93121693121693	26.455026455026452	36.507936507936506	46.560846560846556	56.084656084656082	66.137566137566139	75.396825396825392	84.656084656084644	93.650793650793645	103.17460317460316	112.6984126984127	122.22222222222221	131.21693121693121	140.2116402116402	149.20634920634919	158.2010582010582	166.66666666666666	172.48677248677248	179.89417989417987	186.24338624338623	192.59259259259258	198.4126984126984	204.76190476190476	210.58201058201058	239.68253968253967	263.49206349206349	272.48677248677245	281.48148148148147	287.30158730158729	451.85185185185185	 Nominal Strain e: 	1.6339869281045752E-3	2.6143790849673201E-3	3.2679738562091504E-3	3.5947712418300652E-3	3.9215686274509803E-3	4.5751633986928107E-3	4.9019607843137254E-3	5.7189542483660127E-3	6.5359477124183009E-3	7.5163398692810459E-3	8.1699346405228763E-3	8.8235294117647058E-3	9.4771241830065352E-3	1.0457516339869275E-2	1.1437908496732029E-2	1.2418300653594781E-2	1.3398692810457505E-2	1.4705882352941181E-2	1.7647058823529412E-2	1.9607843137254905E-2	2.2222222222222227E-2	2.4836601307189548E-2	2.7777777777777766E-2	3.0392156862745087E-2	3.3333333333333333E-2	4.8039215686274499E-2	6.6013071895424824E-2	9.3137254901960773E-2	0.12026143790849672	0.14934640522875817	0.14575163398692811	STRAIN 


STRESS MPa



ALU TENSILE TEST : Stress v Strain

 STRESS Force/Area (N/mm2) MPa 	28.659611992945322	14.991181657848323	19.31216931216931	27.336860670194	35.273368606701936	43.209876543209873	49.382716049382715	56.878306878306873	64.373897707231038	71.869488536155188	76.719576719576708	83.7742504409171	89.506172839506149	93.474426807760125	99.206349206349202	102.29276895943561	106.26102292768958	108.90652557319224	111.99294532627864	115.07936507936506	117.06349206349205	118.16578483245149	119.04761904761904	120.37037037037035	 Nominal Strain e: 	-1.4705882352941176E-2	1.9607843137254902E-3	5.2941176470588224E-3	5.8823529411764722E-3	6.5359477124182991E-3	7.1895424836601295E-3	9.1503267973856144E-3	1.0130718954248366E-2	1.1111111111111113E-2	1.2091503267973858E-2	1.5032679738562097E-2	1.6339869281045753E-2	1.8627450980392167E-2	2.2222222222222213E-2	2.4509803921568627E-2	2.8758169934640532E-2	3.2352941176470577E-2	3.6928104575163392E-2	4.1176470588235287E-2	4.5424836601307195E-2	5.0490196078431381E-2	5.6209150326797387E-2	6.2091503267973837E-2	6.7647058823529407E-2	STRAIN 


STRESS MPa



DURALIUM TENSILE TEST : Stress v Strain

 STRESS Force/Area (N/mm2) MPa 	7.716049382716049	15.21164021164021	23.368606701940031	31.305114638447968	39.682539682539677	52.028218694885354	55.55555555555555	63.932980599647259	71.869488536155188	80.026455026455011	91.710758377425037	96.340388007054671	104.40917107583772	112.43386243386242	120.37037037037035	128.3068783068783	136.46384479717813	144.17989417989418	152.1164021164021	160.05291005291002	167.98941798941797	175.70546737213402	183.20105820105817	190.91710758377423	153.21869488536154	215.16754850088182	223.98589065255729	 Nominal Strain e: 	8.0645161290322656E-4	1.7741935483870984E-3	2.2580645161290307E-3	2.9032258064516153E-3	3.2258064516129024E-3	6.4516129032258119E-4	4.5161290322580615E-3	4.8387096774193594E-3	5.4838709677419405E-3	5.967741935483873E-3	3.8709677419354873E-3	6.9354838709677373E-3	7.4838709677419422E-3	8.0645161290322578E-3	8.7096774193548398E-3	9.35483870967742E-3	9.8387096774193456E-3	1.0645161290322582E-2	1.129032258064515E-2	1.1935483870967746E-2	1.2580645161290326E-2	1.3387096774193565E-2	1.43548387096774E-2	1.5161290322580637E-2	4.9193548387096768E-2	3.612903225806452E-2	6.1935483870967742E-2	STRAIN 


STRESS MPa



PLASTIC TENSILE TEST : Stress v Strain

 STRESS Force/Area (N/mm2) MPa 	3.4574468085106385	6.1170212765957448	8.5106382978723403	0.53191489361702127	2.6595744680851063	3.7234042553191498	2.6595744680851063	2.1276595744680851	3.191489361702128	3.4574468085106385	3.191489361702128	2.6595744680851063	3.191489361702128	4.2553191489361701	3.191489361702128	2.6595744680851063	3.191489361702128	2.6595744680851063	3.191489361702128	3.191489361702128	2.6595744680851063	2.6595744680851063	2.6595744680851063	2.6595744680851063	3.191489361702128	3.191489361702128	2.6595744680851063	2.6595744680851063	1.595744680851064	2.1276595744680851	2.1276595744680851	3.191489361702128	 Nominal Strain e: 	4.3255366869593085E-3	9.1316885613585402E-3	1.4098045498237743E-2	2.531239987183595E-2	3.0438961871195127E-2	3.6206344120474201E-2	4.3255366869593075E-2	4.9983979493752002E-2	5.575136174303108E-2	6.199935917975008E-2	6.8567766741429031E-2	7.5296379365587959E-2	8.1384171739826983E-2	8.715155398910604E-2	9.420057673822492E-2	0.10092918936238386	0.10701698173662287	0.11374559436078181	0.11983338673502082	0.1262415892342198	0.13297020185837874	0.1393784043575777	0.14578660685677666	0.15219480935597565	0.15828260173021469	0.19032361422620955	0.22268503684716437	0.25472604934315923	0.28740788208907403	0.31912848446010894	0.63953860942005769	0.95930791413008654	STRAIN 


STRESS MPa
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