	

	


Task 1: FEA Simulation 
Part a) 
Description:
	[bookmark: _Toc501902360]Assumptions:
I assume that the original material – Alloy Steel - used for the Basketball rim will be able to hold the force exerted by Michael Jordan as it is quite as strong material. However, if I were to use a stronger material than Alloy Steel such as Titanium I assume it would be on the Alloy steel results. 
Numerical assumptions: that the original material used for the basketball hoop is Alloy Steel and that all of the values for this alloy provided in solid works are correct e.g.Yield Strength of Alloy Steel is 620422000 N/m^2. 
I have assumed that the value of gravity acting on Michael Jordan’s body has a value of 9.81N. 


In this document I will be investigating the ideal material required to support a basketball player (Michael Jordan) of 100 kilograms when preforming a slam dunk. I will be simulating the forces Michael Jordan will be exerting on the rim using Solidworks SimulationXpress. I will then make modifications to the design of the basketball rim and run the simulation with different materials. After which I will analyse and compare the results and conclude which would be the most appropriate material to use for the basketball rim.


Object of Study:
[image: ]

[bookmark: _Toc243733140][bookmark: _Toc245020107][bookmark: _Toc245020139]
	[bookmark: _Toc501902361]Model Information
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Model name: Basketball rim v3
Current Configuration: Default

	Solid Bodies

	Document Name and Reference
	Treated As
	Volumetric Properties
	

	Split Line9
[image: ]
	Solid Body
	Mass:4.34191 kg
Volume:0.000563884 m^3
Density:7700 kg/m^3
Weight:42.5507 N

	





	[bookmark: _Toc501902362][bookmark: _Toc243733144][bookmark: _Toc245020112][bookmark: _Toc245020144]Original Material Properties

	Model Reference
	Properties
	Components

	[image: ]
		Name:
	Alloy Steel

	Model type:
	Linear Elastic Isotropic

	Default failure criterion:
	Max von Mises Stress

	Yield strength:
	620.422 N/mm^2

	Tensile strength:
	723.826 N/mm^2

	
	




          [image: ]
	SolidBody 1(Split Line9)(Basketball rim v3)






	[bookmark: _Toc501902363]Loads and Fixtures
	Fixture name
	Fixture Image
	Fixture Details

	Fixed-2
	[image: ]
	
	Entities:
	1 face(s)

	Type:
	Fixed Geometry



The image to the left shows where the basketball hoop would typically be fixed to a back board.



	Load name
	Load Image
	Load Details

	Force-2
	[image: ]
	
	Entities:
	1 face(s)

	Type:
	Apply normal force

	Value:
	2883 N



In the image to the left the orange arrows indicates where the force will be exerted, by Michael Jordan, on the rim.
The typical force exerted by Michael Jordan on the rim would be 961 newtons using the Weight = Mass x Gravity equation. However, impact loading need to be taken into account for this simulation as it will be an added force exerted by Michael Jordan without his control. The impact loading for the system can be calculated by multiplying the weight by the height the basketball rim from the ground – typically 3 meters. 
Therefore, the total force applied by Michael Jordan including the impact loading would be 2883 Nm.







	[bookmark: _Toc501902364]Mesh information
	Mesh type
	Solid Mesh

	Mesher Used: 
	Standard mesh

	Automatic Transition: 
	Off

	Include Mesh Auto Loops: 
	Off

	Jacobian points
	4 Points

	Element Size
	8.71678 mm

	Tolerance
	0.435839 mm

	Mesh Quality
	High



Mesh information - Details
	Total Nodes
	15940

	Total Elements
	7759

	Maximum Aspect Ratio
	8.1241

	% of elements with Aspect Ratio < 3
	95.6

	% of elements with Aspect Ratio > 10
	0

	% of distorted elements(Jacobian)
	0

	Time to complete mesh(hh;mm;ss): 
	00:00:02

	Computer name: 
	FAD-AA203-13X
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	Name
	Type
	Min
	Max

	Stress
	VON: von Mises Stress
	5.205e-002N/m^2
Node: 6977
	3.891e+006N/m^2
Node: 5347

	[image: ][image: ][image: ]





The image above displays the results of the stress simulation on the basketball rim. The maximum stress acting on the basketball rim is 1569.74N/m^2.  From this picture you can see that most of the stress, especially the highest level, is concentrated over the bracket of the rim which is connected to the fixed face with the backboard. The stress becomes concentrated at this point (the red area) because when the end of the rim is pulled on by the player, the rim will naturally want to fall down with the player, but it cannot as it is fixed to the backboard. As a result of the rim not being able to move because part of of it is fixed, the stress builds up at the point where the flat bracket is. The minimum level of stress acting on the part is 0.7044N/m^2. This means that no matter what the part will undergo stress from the force exerted by the basketball player. 
The yield strength for this part is 18493.86N/m^2; as the maximum stress for the part is less than this value, the part will not snap when the 2883 N force is exerted in it. 













	Name
	Type
	Min
	Max

	Displacement
	URES:   Resultant Displacement
	0 mm
Node: 1202
	0.0489123 mm
Node: 307
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In the image above it shows clearly that the rim is displaced downwards when the force is applied. 
The greatest level of displacement – 0.5548 mm – happens in the red area at the edge of the rim, which is where the player’s weight would be acting. Little or no displacement occurs at the fixed position of the rim (shown by the dark blue areas) because it has a strong hold to the supposed backboard allowing it to sustain a fairly secure position strong enough to survive the test.























	Name
	Type

	Deformation
	Deformed shape
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When the program simulates the force of 2883 N being exerted on the rim, as shown in the images above the basketball rim does become deformed as a result. Although no value is given for the deformation by the software it is apparent that this material for the rim is unsuitable for its purpose. 

	Name
	Type
	Min
	Max

	Factor of Safety
	Max von Mises Stress
	1.595e+002
Node: 5347
	1.192e+010
Node: 6977

	[image: ]
Based on the specified perameters, the lowest factor of safety found in your design is 159.456






From the results generated by the simulation Xpress software, the basketball rim has passed the test and has a Factor of Safety Level of 159.456. 





	
	Original
	First Modification

	Material
	Alloy Steel
[image: ]
	[image: ]Cast Carbon Steel
[image: ]

	Stress
	[image: ][image: ][image: ]
	[image: ][image: ][image: ][image: ]When the force of 2883N is exerted on the rim the maximum stress acing on the body is: 1533.84N/m^2.  The yield strength for this part is 7398.74N/m^2 so the part will definitely not break under 2883N of weight. 
Similar to the model with Alloy Steel, this stress is mostly concentrated under the bracket in its corners shown by the red sections in the image below. 

	Displacement
	[image: ][image: ][image: ]
	[image: ][image: ][image: ][image: ]The total displacement for the rim when made from cast carbon steel is 0.5691mm. This displacement occurs when the red edge of the hoop is pulled down by the 2883N force applied. The amount of displacement on the Cast Carbon Steel rim is greater than on the displacement of the Alloy Steel rim 

	Factor of Safety
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	[image: ]The Factor of Safety for the basketball rim is now 62.27 (approx.) with the new material, this is more than half of the factor of safety of the original basketball hoop material. 
[image: ]

	Conclusions:
	From the results above and my earlier analysis, I think that Alloy Steel could be a suitable material for the basketball hoop and is a typical, strong material used for a product used in the situations I have simulated with SolidWorks and it passed all the tests without permenantly bending or breaking. However, the max von mises stress value is not much greater than the yeild strengh so I feel there may be a material out therewhich could produce improved results upon the Alloy Steel design so I will be doing further testing of other materials to see if this is possible.  
	While the maximum stress value for this simulation is less than the Alloy Steel’s, it has not decreased a great amount (approx. 35.9N/m^2). 
The yield strength for this material is significantly higher than the yield strength for Alloy Steel therefore this material maybe more suitable for the basketball rim.
Despite the stress value being less with the Cast Carbon Steel material, the displacement value is greater. This is not nescessarily a disadvantage, because although the rim may experience some displacement this will not permenantly effect the durability of the part.
 In conclusion I believe this material would be a more suitable material to use fo the basketball hoop than alloy steel because it is able to survive the stress test simulation with a better outcome than the Alloy Steel model. Thus meaning it would therefore be able to deal with a player of michael jordan’s weight (or even more may be because of its high factor of safety) and not snap or be bent out of shape as a consquence.




	
	Second Modification
	Third Modification

	Material
	[image: ]Copper 
[image: ]
[image: ]
	[image: ]Commercially Pure Titanium (Ti-55)
[image: ][image: ]

	Stress
	[image: ][image: ][image: ][image: ]The results from the stress test of the copper model shows the greatest von mises stress is 1489.86 N/m^2. The yield strength for this part is 7708.76N/m^2 as this value is larger than the maximum stress the part will not break when the force is exerted on it. It also has a greater yield strength than both the Alloy Steel and Cast Carbon Steel metal have produced. 
	[image: ][image: ][image: ]The maximum stress on a titanium model of the basketball rim is 1598.79N/m^2. 
This is higher than all other values generated by the simulations. Its yield strength is 11238.21N/m^2. This is the highest yield strength out of all the materials tested, by far. The maximum stress value for the part is only 14% of its total yield strength. 
[image: ]

	Displacement
	[image: ][image: ][image: ]The highest displacement for the copper part is 0.9995 mm. Which is the largest displacement value given by any of the simulations at this point.
	[image: ][image: ][image: ]The maximum displacement is 1.047mm. This is the greatest displacement value found across all the results I have generated for this test in SolidWorks. 

	Factor of Safety
	[image: ][image: ]The factor of safety for this basketball rim study is 70.0354. Which is greater than the previous test with Cast Carbon Steel but still not as high as the Factor of Safety of the Alloy steel model.
	[image: ][image: ]The factor of safety level for this titanium model is 102.08. This is the second highest factor of safety value produced in all of the simulations. 


	Conclusions
	I decided to use Copper as a possible alternative material for the basketball hoop because I thought the colour of copper might be desirable as it is similar to the traditional colours of a basketball and connotations of colours associated with the sport. I did not know how the copper material would measure up when the external force was applied to it in SolidWorks.
Based on the results above produced from the simulation with the Copper material I would say that copper material is the most suitable material so far for the basketball rim as it has the lowest level of stress when the load is exerted on it and it still has a high factor of safety level.
	Although the material has a high Factor of Safety, I feel that titanium would not be a suitable material for the basketball hoop as it has the highest maximum stress level out of all of the materials when the simulation is run on it. It also has the greatest displacement result for all the data. With both its stress and displacement being high values it would be the most likely material of the four to snap under an increased amount of force. A greater force is likely to be exerted on the hoop as there are players of larger weights than Michael Jordan that often play basketball. Furthermore, titanium is a much heavier material than any of the other materials I have tested. This may be another reason why the stress is so great with the titanium, as it is such a dense strong bonded material it wouldn’t have much flexibility because of its molecular structure. Over time the high stress level acting on the rim could cause it to snap sooner than if it was made by one of the other materials.



Final Conclusion:
After analysing all of the results that the simulations have produced, I believe that The copper model will be the best material for manufacturing the basketball hoop. Despite it being an uncommon material to use the outcome from its simulation proves that it would be a very suitable material to use.



[bookmark: _MON_1576517383]
Description:
[image: ]In this section I will be using SolidWorks SimulationXpress Analysis to simulate a person of 100kg standing on an IKEA Bolmen stool made from Polypropylene material. I will then analyse these results generated by the SolidWorks software and determine whether the part has a Factor of Safety of three. If the original Bolmen Stool design does not have a Factor of Safety of three I will then make modifications to the design to ensure it has a Factor of Safety of three.

Assumptions:
When the original stool design is stress tested I assume it might just pass the stress test but I may struggle and deformation of the part may occur as a result of this.
I assume that when I add the strengthening ribs, the stool will be able to cope better with the stress test and ideally will have a Factor of Safety of 3.

Object of Study:



	[bookmark: _Toc502767240]Model Information

		[image: ]


Model name: Bolmen Stool v3
Current Configuration: Default

	Solid Bodies

	Document Name and Reference
	Treated As
	Volumetric Properties
	Document Path/Date Modified

	Dome2
[image: ]
	Solid Body
	Mass:0.981625 kg
Volume:0.00110295 m^3
Density:890 kg/m^3
Weight:9.61992 N

	D:\Desktop files\Product Design\CAD work\Year 2\Simulation Analysis\Assignment work\PSA Student Model Files\Task 1\Bolmen Stool v3.SLDPRT
Oct 13 13:06:24 2017






	[bookmark: _Toc502767241]Material Properties
	Model Reference
	Properties
	Components

	[image: ]
		Name:
	polypropylene Coplymer

	Model type:
	Linear Elastic Isotropic

	Default failure criterion:
	Max von Mises Stress

	Yield strength:
	2.66e+007 N/m^2

	Tensile strength:
	2.76e+007 N/m^2



	SolidBody 1(Dome2)(Bolmen Stool v3)






	[bookmark: _Toc502767242]Loads and Fixtures
	Fixture name
	Fixture Image
	Fixture Details

	Fixed-1
	[image: ]
		Entities:
	4 face(s)

	Type:
	Fixed Geometry






	Load name
	Load Image
	Load Details

	Force-1
	[image: ]
		Entities:
	2 face(s)

	Type:
	Apply normal force

	Value:
	981 N









	[bookmark: _Toc502767243]Mesh information
	Mesh type
	Solid Mesh

	Mesher Used: 
	Standard mesh

	Automatic Transition: 
	Off

	Include Mesh Auto Loops: 
	Off

	Jacobian points
	4 Points

	Element Size
	17.1214 mm

	Tolerance
	0.856071 mm

	Mesh Quality Plot
	High



Mesh information - Details
	Total Nodes
	28165

	Total Elements
	16295

	Maximum Aspect Ratio
	3765.6

	% of elements with Aspect Ratio < 3
	1.29

	% of elements with Aspect Ratio > 10
	37.4

	% of distorted elements(Jacobian)
	0

	Time to complete mesh(hh;mm;ss): 
	00:00:05

	Computer name: 
	

	[image: ]






	[bookmark: _Toc502767244]Study Results

	Name
	Type
	Min
	Max

	Stress
	VON: von Mises Stress
	5.489e+004N/m^2
Node: 15273
	2.767e+007N/m^2
Node: 27222

	[image: ][image: ][image: ][image: ]





The images in the table above show the results of the simulated stress test on the Bolmen stool with no modifications. It is clear that the stool undergoes a high amount of stress in the center of the stool (the yellow to red region). The top center of the stool bends inwards suggesting that extra support may need to be added here as it is struggling to hold the weight. In the images showing the top and bottom view of the stool (the two middle images in the table) it is clear to see that the sides of the stool are bending outwards to try and increase the amount of surface area holding the weight. By adding strengthening ribs to the underside of the stool this could help the stool to deal with the weight and hopefully cause less deformation of the body.
Although the stool will bend out of shape from the 100kg weight being exerted on it, it will not brake or snap so therefore it has passed the stress test.













	Name
	Type
	Min
	Max

	Displacement
	URES:   Resultant Displacement
	0.000e+000mm
Node: 455
	4.936e+001mm
Node: 27144
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The maximum displacement of the stool when a load of 100 kg is exerted on its top surface is 13.416mm (when calculated). This displacement acts in a downwards motion on the stool top, however to compensate for this displacement from the weight the sides of the stool bend outwards to spread the weight over a larger surface area.

	Name
	Type

	Deformation
	Deformed shape

	[image: ]



The image above shows the deformed shape of the stool from the simulation. As you can see there is no change in the shape of the stool meaning it was not broken or even bent out of shape permanently after the stress and displacement test were carried out. 



	Name
	Type
	Min
	Max

	Factor of Safety
	Max von Mises Stress
	9.612e-001
Node: 27222
	4.846e+002
Node: 15273
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The images above show the results of whether the stool has a factor of safety of three. The blue areas on the stool indicate where the stool does carry a factor of safety value of three and the areas in red indicate where it fair to meet this criteria. As I need the whole of the stool to have a factor of safety value of three, modifications must be made to the part in order for it to meet these demands.


Modifications: 
[image: ]
To try and ensure the design will have a Factor of Safety level of three I have added ribs to the underside of the stool. I have placed the ribs in horizontally and vertically across the stool to help increase the strength of the stool evenly over the stools surface area. Both the horizontal and vertical ribs are 10 mm wide. 
	Study Results

	Name
	Type
	Min
	Max

	Stress
	VON: von Mises Stress
	3.425e+002N/m^2
Node: 10456
	4.938e+006N/m^2
Node: 11382

	



Now that I have added the strengthening ribs to the design, the stress seems to have spread out over the stool rather than all being concentrated at the top. The stool top still seems to bend inwards when the weight is exerted on it however, originally the stress over the top of the stool was approximately 2,024N/m^2 now the stress over the top surface of the stool is 1327N/m^2 approx. Thus proving that the strengthening ribs have helped the stool to withhold the 100 kg weight with less stress acting over the top of the stool. 





















	Name
	Type
	Min
	Max

	Displacement
	URES:   Resultant Displacement
	0.000e+000mm
Node: 2027
	2.007e+000mm
Node: 1384

	



The total displacement for the stool with the strengthening ribs added is 5.455mm, which 7.961mm less than the displacement of the stool with no strengthening ribs. This is a significant improvement on the original displacement for the part therefore the strengthening ribs must have had a positive effect on the overall strength of the stool.

	Name
	Type

	Deformation
	Deformed shape

	[image: ]
Bolmen Stool with thick ribs both directions-SimulationXpress Study-Displacement-Deformation


 
The image above shows the ending result of the stress and displacement testing on the stool. The stool is slightly bent out of shape from the weight that has been exerted on its body. Further modifications could be made to the part to stop this from happening, such as, increasing the thickness of the stools walls, more ribs could be added or the surface area of the top of the stool could be increased. 


	Name
	Type
	Min
	Max

	Factor of Safety
	Max von Mises Stress
	5.387e+000
Node: 11382
	7.765e+004
Node: 10456

	




The image above shows the test of where the stool passes the factor of safety level of three. In this case, the whole of the stool is blue coloured meaning it has completely passed the test and the strengthening ribs which I added have been successful in improving the design’s factor of safety level. The results generated from the SolidWorks simulation actually stated that “Based on the specified parameters for the simulation, the lowest Factor of Safety (FOS) found in your design is 5.38708. So the added modifications have not only met the set criteria I wanted to meet but have exceeded the factor of safety target. 






	[bookmark: _Toc502767245]Conclusion


In conclusion for this test I have successfully managed to obtain a Factor of Safety value of three for the Bolmen stool design. However, as a result of adding these strengthening features the stool was deformed after undergoing the stress and displacement testing. As I stated earlier though, more modifications could then be made to the design to stop this deformation occurring on the final outcome for the part. As the Factor of Safety target was exceeded by the modified stool, if the further modifications were made to the part to decrease the severity of its permanent deformation, there may be an opportunity to reduce a factor of safety to the desired figure of 3 exactly and have no permeant deformation occur as a result.








Task 2: Flow Simulation - Comparison of Lamborghini and MCR at 30 mph:

Description: 
In this section I will be simulating the flow trajectories of a fluid (air) in a wind tunnel passing over a Lamborghini and an MCR travelling at 30 mph separately. I will be using the SimulationXpress software in Solidworks to generate the results. I will then analyse and compare the results for each vehicle, concluding which vehicle is more aerodynamic at this speed.

Assumptions: 
I assume the Lamborghini will be more aerodynamic for travelling at speeds of 30 mph as this car is typically used on normal roads which have an average/minimum speed of 30 mph, therefore it has been designed to naturally travel aerodynamically through air at this speed.

Results and analysis: 
	INLET Lamborghini
	INLET MCR
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	[image: ][image: ][image: ]


[image: ][image: ]
When looking at how the air flows over the cars, in both inlet images displayed above, it is clear that the air is slowing down when it hits the very front of both cars. This is displayed in the images by the green/yellow coloured sections present in the pipes at the front end of each car. This happens because initially some of the air is deflected and slows down when it hits the front surface because the air is unable to travel through the solid body of the car. The air that is not deflected continues to do work to travel up the body work of the car over its wheel arches. 
As the air is being forced to do work against the body of the car it is slowing down, hence the green coloured pipes. Once the air is over the top of the wheel arches it gains momentum and accelerates towards the back of the car as the end of the wheel arches are designed with a short sharp inclined curve to encourage the air to travel down and out of the way quickly. The bodywork of the car above the wheels is curved to cushion and control the flow of air to move in the cars required direction. 
The air speeds up when passing over the top of the car (indicated by the red/orange coloured pipes above both cars). This happens because the top of the cars are designed to be flat and horizontal so that the air can travel in its natural horizontal path. 



	OUTLET Lamborghini
	OUTLET MCR
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[image: ][image: ][image: ]
For the Lamborghini the flow of air over the rear end of the car follows a less curved/ lower inclined curve compared to the air traveling up the front of the car. This is because the rear end of the car is higher up than the front to make room for the boot of the car.  Also, the rear end of the Lamborghini is thinner than the front and therefore there is less surface area for the air to have to travel through. Furthermore, the back of the car has a high inclined slope where the roof meets the boot, this sharp incline helps to force the air down the back of the car. 
The air flowing over top rear end of the Lamborghini tends to hug the shape of the car, whereas the air travelling over the rear of the MCR tends to follow in a more or less horizontal path. The air over the back of the MCR acts in this way because it has a spoiler. The MCR’s spoiler is shaped in such a way that the top of the spoiler is flat but the bottom is curved. This causes high pressured air to flow over the top and low pressured air to flow under the bottom of the spoiler. The high pressured air on the flat surface of the spoiler pushes the vehicle down to the ground to increase its grip on the road allowing it to travel round corners at the high speeds it requires. 
The air over the top of the MCR spoiler is travelling at 16.126 m/s = 36.12 mph. The air travelling over the the back of the Lamborghini’s body is travelling at 14.4 m/s = 32.26 mph. As the air over the Lamborghini is travelling slower it must have a higher coefficient of drag. As the air over the MCR’s spoiler is travelling faster it (and has a lower coefficient of drag0 it must be more aerodynamic at this speed than the Lamborghini.










	INLET front of Lamborghini 
	INLET front of MCR
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The two images above show the inlet view of the front of the cars. In these views it is clearer to identify the path that the air initially travels in when enters the wind tunnel and approaches the car. 
In the image of the Lamborghini, the air particles seem to be bending in their path of travel round the car, even the particles far from the car. This happens because some of the air is deflected off the car when it tries to travel past it. The image also emphasises how the air is forced to travel up the bodywork of the car to get past it, especially the air particles flowing over the top of the car. 
In the MCR inlet image, the air does not seem to bend around the shape of the car as dramatically, and the path of the air particles far away from the car seem to follow a mostly straight path compared to the air particles far away from the Lamborghini. The decrease in deflected air could be due to the fact that the MCR design is lower down to the ground, and its bodywork around the wheels are sculpted to compliment the curved shape of the wheels therefore the air passes over them smoother. In addition to this, the MCR has a smaller width compared to the Lamborghini so there is less solid surface area for the air to have to get past. 
The MCR’s average air speed is between 13.698m/s = 30.68 mph and 15.068m/s = 33.75 mph. 
The Lamborghini’s average air speed is between 14.0 m/s = 31.36 mph and 18.471 m/s = 41.375 mph. As the Lamborghini’s average air speed is greater than it must be the more aerodynamic of the two in this situation and it will have a lower coefficient of drag than the MCR as a result of this.


















	OUTLET back of Lamborghini
	OUTLET back of MCR
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[image: ][image: ]
When looking at the outlet flow of air between the two vehicles, from the images you can see that the air coming out from the Lamborghini is travelling at a significantly lower velocity than the air from the rear of the MCR, therefore the air must be much cooler than the air released from the MCR. From the data on scales we are able to calculate the exact difference in mph of the air leaving the back of the cars: 
Outlet air form the Lamborghini’s exhaust = 4.32 x 2.24 = 9.68 mph (2.24 is the mph value equivalent to 1 m/s).
Outlet air from MCR’s exhaust                      = 6.719 x 2.24 = 15.05 mph, therefore this means that the air running through the engine of the Lamborghini is travelling at a slower rate than the air travelling through the MCR’s engine/exhaust. This could be due to the MCR having air vents that run completely through the car, allowing the air to be sucked in and out of the way of the outer body of the car.  Unlike the Lamborghini which only has indents in the body work to steer the wind in towards the car but not completely through it.

In the image of the Lamborghini there is a significant amount of slow travelling air running underneath the car. Contrary to this there is hardly any air running underneath the MCR and the air under the MCR is traveling marginally faster than the air under the Lamborghini. There is minimal air traveling under the MCR because its spoiler is manipulating the air so it forces the car down towards the ground. 

Conclusion:

From the results of the Flow Xpress study on both cars at 30mph I have found that the MCR because on average it  has a lower drag coefficient as a result of its design characteristics, in turn making it the more aerodynamic of the two at this speed.











Task 2: Flow Simulation - Comparison of Lamborghini and MCR at 100 mph


Results and analysis: 

	INLET Lamborghini
	INLET MCR
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When the simulation is run with both car travelling at 100 mph, the air flowing over the front of the Lamborghini appears to have more momentum than the air travelling over the MCR at the same points When looking at the figures this is proved:
LAMB : 47.878m/s = 107.25 mph.  to   67.029 m/s = 150.15 mph, 
MCR :   41.376 m/s = 92.68 mph.   to   64.362 m/s = 144.17 mph.     differences = 14.57 mph & 5.89 mph.
As the air over the front of the Lamborghini is travelling at an increased velocity then it must have a lower coefficient of drag therefore the front of its body is more aerodynamically designed compared to the MCR’s front bodywork.
In the image where the air is represented as balls over the Lamborghini, the air begins to space out when flowing over the the roof of the car. This is due to the top of the car being horizontal and flat therefore the air is able to space out as it is not being deflected or pushed in another direction other than its natural horizontal motion. The air may be closer together when passing over the front of the car because when it gets deflected it tends to bunch up.













	OUTLET Lamborghini
	OUTLET MCR
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Now that both cars are travelling at an increased speed the outlet air flow over the back of the MCR seems to follow the path of the bodywork of the MCR. Compared to the earlier study at 30mph, there now seems to be an increased level of air travelling through the underside of the spoiler. This is causing a greater level of  high and low pressure over the top and bottom of the spoiler wing, pushing the car to the ground at an increased pressure than before.
Judging by the colour of the pipes in the outlet images for both cars it is clearer to see that the air being released from the Lamborghini is travelling slower than the air released from the MCR. When calculated you find that the air from the exhaust of the MCR is travelling 18.197 m/s = 40.76 mph faster than the exhaust of the Lamborghini. Meaning there must be a greater coefficient of drag acting on the Lamborghini. 


	INLET Front of Lamborghini 
	INLET Front of MCR 
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The two images above show the inlet view of the front of the cars at 100 mph. In these views it is clear to see that the air is deflected when travelling over the bodywork of both cars. However, when the air flows towards the Lamborghini it seems to still be deflected further than the air around the MCR.
In the image of the Lamborghini it emphasises how the air is forced to travel up the bodywork of the car to get past it, especially the air particles flowing over the top of the car. Although there are lines of air particles hugging the top of the body work of the Lamborghini, the fact that they have to travel in a curved motion to move round the car forces the surrounding air above the vehicle to travel in an upward curved motion as well.
In the inlet image of the MCR front, the air does not seem to bed around the shape of the car as much, and the air particles far away from the car seem to follow a mostly straight path compared to the air particles far away from the Lamborghini. The lower amount of deflected air could be due to the fact that the MCR design is lower down to the ground, and its bodywork around the wheels are sculpted to compliment the curved shape of the wheels therefore the air passes over them smoother. In addition to this, the MCR has a smaller width and height compared to the Lamborghini so there is less solid surface area for the air to have to get past and travel round. This would also explain why the air above the MCR is not deflected upwards very much either when compared to the Lamborghini.


	OUTLET Back of Lamborghini
	OUTLET Back of MCR
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In the outlet image of the MCR the air seems to curve in round the rear of the shape of the MCR. As a result of this, the air over the Lamborghini’s roof is travelling slower as it is having to deviate away from its natural horizontal motion to get past the car. 
Judging by the colour of the air over the it is easy to assume that the air flowing closely over the back of the MCR is travelling at an increased speed compared to the Lamborghini. But when calculated you can see that it is actually the opposite.
The average speed of the air over the rear of the Lamborghini is between: 42.9 mph to 128.7 mph (19.151 m/s and 57.454 m/s).
The  average speed over the MCR is : 30.9 mph and 113.28 mph (13.792 m/s to 50.570 m/s). 
As the Lamborghini has a higher average speed range the air must be travelling with a lower drag coefficient than the air over the MCR. Thus making the Lamborghini the more aerodynamic of the two in this situation.

Final Conclusion:

In conclusion from running the simulations I have found that the MCR is the least aerodynamic of the two vehicle designs. This is backed up by the calculations and points which I have discussed above.










Task 3: Plastic Simulation – Drill:


[bookmark: _GoBack]Description: 
In this task I will be testing different methods of injection moulding drill body part with a polypropylene plastic material. I will be using Solidworks Plastics tools to simulate how the part would be moulded at different gate locations. First I will test to see how well the part moulds with one gate location, then I will test whether the results can be improved on my adding a second gate location to the process. I will be analysing and comparing the results with regards to Fill Time, Ease of Fill, Gate Filling contribution, Cooling Time, Sink Marks, Weld Lines, and Air Entrapment. I will then conclude which which simulation has produced the best outcome and whether either of them would be suitable for the industry manufacturing process.
Assumptions: 
I assume that the drill body will have a shorter fill time and a better ease of fill with two gate locations rather than one. As the part is quite large I feel that it may struggle to completely be filled by one gate location. I believe the part will easily fill completely with two gate locations rather than one as more plastic will be being injected into mould all at one time so it should be able to cover the whole surface area of the mould easier. 
Process:
The material I have chosen for this part is Polypropylene Generic Material as his is a typical type of plastic that would be used in industry for injection moulding a part like this. 
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First gate/injection location: 
I have chosen to place the first gate location at the bottom of the handle of the drill body as this is a place where the plastic should be able to travel through to the majority of the mould with relative ease and still at a location where it till not alter the athetics or comfort of the design.  [image: ]

Second/added gate location:
For the second gate location I have added it at the top of the drill body mould as I found that when I ran the simulation for the single gate location it was struggling to fill the right end of the part. [image: ]
The diameter of each gate location has been set to 4.






Results and Analysis:

[image: ]Fill Time
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[image: ]With the single gate location the total fill time for the part is 1.8822 seconds. 
Although a large percentage of the part can be filled in 1.1293 second (indicated by the blue to green areas of the images) the injected plastic material will actually cool off before it is able to fill the whole of the drill body mould. I assumed this might happen as the part is quite large to be filled solely by a single injection location. The dark grey areas at the top right corner and the ends of the extruded through holes of the drill body indicate where the injected plastic will not be able to fill as it cannot reach those areas of the mould in 1.8822 seconds. 
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When the part is injection moulded with two gate locations the total fill time is 1.6991 seconds which, as I predicted, is quicker than the total fill time with the single gate location by 0.1831 seconds.  Another point to note is that there is a significantly smaller proportion of red sections in the images when two gate locations are used. This shows that the plastic material is moving through the mould at a quicker rate than it would when a single gate location is used; as the red section is a much paler shade of red than the shade for one gate location. No grey regions appear on this simulation meaning the whole part has been successful moulded leaving no areas unfilled. 


[image: ]Ease of Fill
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As you can see in the images above of the simulation with one gate location there are red, yellow and green areas present on the part. The green area indicates where the part can be injection moulded under regular injection pressures. The yellow section indicates where the injection pressure will need to be 70% higher than the machine’s maximum injection pressure. The area in red indicates where the injection pressure for the part exceeds 85% of the machine’s maximum injection pressure. The presence of this red area may then explain why the part is unable to be filled completely when one single gate location is used (as discovered in the Fill Time analysis above). It is problematic to have red and yellow areas present when running the Ease of Fill simulation as this means that the machinery would be unable to fill this part as it currently stands. However, there are several modifications which can be made to the design in order to reduce the likely hood of having yellow and red areas appear. Some of these modifications could be: altering the injection location, choosing a different mould material, increasing the wall thickness of the part, or increasing the number of gate locations. As I will already be running the next simulation with an increased number of gate locations we will see whether this will actually reduce the amount of red and yellow areas present in the Ease of Fill results. 
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The results from the simulation with two gate locations are shown above. As you can see, the whole of the part is now green in colour, meaning that the whole part can be filled under normal injection pressures and the modification of adding more gate locations was successful. Thus meaning that the part has complete or optimal ease of fill when two gate locations are used to fill the part.






[image: ]Gate Filling Contribution
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The Gate Filling Contribution tool is used to identify what areas of the part have been filled by which gate location. A different gate location will be indicated by a different colour on the part. The red areas of the image show where the part was unable to be filled in time, and therefore corresponds to the empty part of the mould and the value zero on the scale to the left. The majority of this part is green coloured because only one gate location is present in this simulation. 
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In the images above of the simulation with two gate locations there are two different colours present. The green colour represents the first gate location and where the plastic injected from this point fills to. The blue colour represents the injected plastic from the second gate location and stops where it meets the plastic material from the first gate location. There are no red areas present in this simulation as the whole of the part was successfully filled by the two gate locations and therefore no areas in the drill part are empty. Both the blue and green sections are roughly the same size meaning that neither gate location is easier to fill than the other.





[image: ]Cooling Time	
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The whole of the drill body part is blue in the results above because the injected plastic had already cooled before the whole of the body could be filled. This is why the scale on the left has all zero values as no cooling time required for the part after the plastic has been completely injected. To prevent this outcome, the wall thickness could be reduced to a thinner value which is still safe to be injection moulded at, and insure that the wall thickness is as uniform as possible throughout the part. 
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The results for the cooling time with two gate locations shows a significant difference comapred to the single gate location simulation. The major factor making the images different is the added gate location allowing the whole part to be compeltely filled by the injected plastic. The total cooling time for this part will be 17.5269 seconds. 
Longer cooling times are required for certain areas of the part like where the ribs on the inside of the drill body are. This is because it will take longer for these areas to cool as more material is concentrated at the ribs’ joining point. The cooling time for any injection moulded part is directly proportional to the part’s wall thickness. This explains why in the areas where the though holes in the part lie, their cooling time - between 1.7728 and 4.9216 seconds – is the quickest cooling time compared to anywhere else on the part. This must be because the through holes allow air to travel through them whilst the part is being moulded. Also they are not solid elements so their wall thicknesses arethinner than other areas on the part.





Sink Marks
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Sink marks are more likely to occur at thicker areas of the part because it will take longer for these high concentrated areas of plastic to cool. This is due to the general rule that: the longer the part’s cooling time, the more shrinkage will occur. If not enough polymer molecules are packed into the part to account for the shrinkage that will occur, then sink marks will occur a result of this downfall. A high degree of shrinkage in the core of the part will pull the surface of the part inward causing depression of the part surface. This will in effect ruin the aesthetics and accuracy of the design, therefore one gate location would not be appropriate to manufacture this part in industry. In this simulation the top of the part is a red colour, this is due to the injected plastic beginning to cool when it reached this part of the mould. Therefore, the deepest shrink marks (of 0.0468mm) for the part will occur in this area. The green area at the bottom of the handle of the drill body (in the left hand image) has shallower sink marks than its surrounding areas as it has a thinner wall thickness (supported by the right hand image). 
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With two gate locations the sink marks for the part are significantly shallower, to emphasise this point, the maximum sink mark value for this simulation is just over 0.0133 mm (the second sink mark value on the scale for one gate locaion above). As I mentioned in the single gate location simulation above, the middle of the bottom area on the drill handle has the shallowest sink mark value (indicated by the dark blue area); it could even be assumed that there are no sink marks in this area judging by the scale to the left. The green areas are where the deepest sink marks (0.0012 mm) occur. These deep sink marks develop at the join of the ribs on the inside of the drill body, this is due to the extra material at the join of the ribs to the body’s shell.  To decrease the depth of the sink marks at these ribbed areas, the thickness of the ribs should be roughly between 60 and 80 percent of the drill body’s wall thickness. 

[image: ]Weld Lines
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Weld lines occur when a part is moulded with two or more injection locations and will form at the points where the different injected plastics meet. This part only has a single injection location at this point, however, in any design with through holes, weld lines will always be present. As the drill body part has eight through holes several weld lines appear in the simulation. 
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With two gate locations the images above show the clear weld line across the top of the hande of the drill (where the two injected moulded plastics meet). Weld lines tend to be one of the weakest parts of the design and stress tents to be concentrated where they occur. This happens because points where the separate plastic injections meet will not form as strong bonds as the ones formed within the separate plastic material injections. It will also be a weak point as the plastics are beginning to cool when they meet, therefore the bonds formed when they meet wont be as strong because there will be less pressure and heat a that point. 


[image: ]Air Entrapment

For the injection moulded part with a single gate location, the results show 15 locations for air traps. Air traps can be problematic when injection moulding a part as they can cause unwanted through-holes and (in a worst case scenario) cause burn marks on the part. To prevent or decrease the amount of air traps present, more air vents or ejector pins could be added to the design. The air traps in the design that occur at the through holes cannot be helped and can be disregarded as an obstacle. 



[image: ]
When the simulation is run on the drill body part with two gate locations, the number of air traps in the design decreases by 4. Although this is not a great amount less, it still reduces the amount of air traps present by 26.7%. Also, all bar one of the air traps occur at the through holes in the design, therefore the number of problematic air traps in the design have significantly been reduced by adding another gate location.  








Conclusion:
From this investigation it would not be suitable to injection mould the drill body part with a single gate location as it has too many complications and failures. The most severe of these being that the part will not be completely filled with a single gate location at the point where I had placed. The part could possibly be moulded to a satisfactory or even good standard if a single gate location was placed at the optimal position but further tests would need to be done in order to find this location and that was not what I wanted to investigate. 
I believe that the part could be successfully moulded from the two gate locations that I chose for the second simulation as most of the issues I found with the first simulation were resolved with the added gate location. The only things I would say that may still cause a problem when manufacturing this part is cooling time for the part is quite long when you take into account the amount that this will draw back producing more parts in one day.









Task 3: Plastic Simulation – Funnel:

Description:
In this task I will be testing different methods of injection moulding a plastic funnel part. I will be using Solidworks tools to simulate how the part would be moulded with different gate locations. First I will test to see how well the part moulds with one gate location, and then I will test whether the results can be improved on my adding a second gate location to the simulation. I will be analysing and comparing the results with regards to Fill Time, Ease of Fill, Gate Filling contribution, Cooling Time, Sink Marks, Weld Lines, and Air Entrapment. I will then conclude which which test has produced the best outcome and whether either of them would be suitable for the industry manufacturing process.

Assumptions:
I assume that the funnel part will have a shorter fill time and a better ease of fill with two gate locations rather than one. I also believe the part will easily fill completely with two gate locations rather than one as more plastic can be injected into the mould at the same time with two gate locations.

Process:
For this part I have chosen to use Polypropylene – Generic Material to injection mould the funnel as it would be a typical form of plastic used to manufacture this part in industry.
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The image below shows where I have placed the first gate location on the part (at 11.87, -98.31, 0.43). I chose this gate location at it would be a point where it would not be too noticeable and would hopefully not decrease the aesthetics of the design.

I have placed the second gate location underneath the top of the funnel as this is another location where I thought the gate location would not be seen to much as wouldn’t alter the asthenic look of the design a great amount.











Results and Analysis:
Fill Time

With a single gate location this part can be successfully filled in 1.0624 seconds. 
Roughly 60% of the part can be filled in 0.6395 second (indicated by the blue to green areas of the images). As the whole of the part has been successfully filled by the injected plastic from the single gate location, I don’t see why there would be any issues manufacturing the part in industry through this process. To improve upon this fill time for this part, more gate locations could be added to decrease the fill time for increase quantities of manufacture in a day.







The total fill time for this part with two gate locations is 1.022 seconds which is less than the fill time for the part with one gate location, as I stated it would be previously. The fill time for the part has decreased when two gate locations are active in the process because the injected plastic is able to cover portions of the surface area of the mould in a smaller amount of time. However, the time has not decreased by as greater amount as I had expected. This may have happened if the second injection location is not actually a very easy position for the injected plastic to move through the mould. 




Ease of Fill

For the Ease of Fill category, the images above show areas of red, yellow and green on the part when one gate location is simulated. The green area indicates where the part can be injection moulded under standard injection pressures. The yellow area indicates where the injection pressure needs to be 70% greater than the machine’s maximum injection pressure. The red section indicates where the injection pressure for the part exceeds 85% of the machine’s maximum injection pressure. Although the red and yellow area only covers a small proportion of the part it is undesirable to have these regions present when looking at the Ease of Fill for a part. This is because the machinery would be unable to fill this part as it currently stands. 
However, there are several modifications which can be made to the design in order to reduce or eliminate these red and yellow areas. For example, you could: alter the injection location, choose a different moulding material, increasing the wall thickness of the part, or increasing the number of gate locations. As I will already be running the next simulation with an increased number of gate locations we will see whether this will actually reduce the amount of red and yellow areas present in the Ease of Fill results. 



The results from the simulation with two gate locations are shown above. As you can see, the whole of the part is now green in colour, meaning that the whole part can be filled under normal injection pressures and the modification of adding more gate locations was successful in eliminating the presence of the previous red and yellow regions. Thus meaning that the part has complete or optimal ease of fill when two gate locations are used to fill the part. No further modifications would then be needed to be made to this design as the ease of fill is in optimal conditions at this point. 










Gate Filling Contribution

The Gate Filling Contribution tool is used to identify what areas of the part have been filled by which gate location. The injected plastic from different gate locations will be indicated by a different colour on the part. In the images above, the whole of part is green coloured because only one gate location is present in this simulation. The red section of the scale on the left corresponds to areas of the part which were unable to be filled in time by the injected plastic. No red areas are present as the whole of the part was successfully filled in time from injected plastic at the single gate location. 






In the Gate Filling Contribution results of the simulation with two gate locations there are two different colours present. The green colour represents the first gate location and where the plastic injected from this point fills to. The blue section represents the injected plastic from the second gate location and stops where it meets the injected plastic material from the first gate location. The blue area of the simulation is slightly larger than the green area, this may have happened because it is easier for the injected plastic to travel through the mould from this point compared to the second injection mould location. There are no red areas present in this simulation as the whole of the part was successfully filled by the two gate locations.


Cooling Time

The total cooling time for this part is 5.6331 seconds. The part is mostly a red/orange colour meaning that the quickest time for any area of the part to cool will be after 5.4143 seconds have passed. This is quite a strange occurrence as it would be plausible to assume that the surrounding area of the injection location would begin to cool first because it should begin to cool as soon as it has been injected but this is not the case. This outcome may have occurred because plastic is a good insulation material therefore heat it is hard for the material to loose heat quickly. In addition to this, as there is a through hole for the nosel of the funnel it would be expected that the cool time would be less for this area as air could escape through this section and the part would begin to cool. As the cool time for an injection moulded part is directly proportional to the wall thickness of the part, it makes sense that the whole part roughly cools at the same time because the part holds a constant wall thickness value throughout.



In the simulation where two gate locations are used injection mould the part, the majority of the part is yellow/green coloured. In context this means that the majority of the part will be filled in under 5.7415 seconds which is marginally longer than the total cooling time with a single gate location. 
However, my earlier assumption that the area around the injection locations should cool the first seems to be a possible explanation for the surrounding area of the second gate location as there seems to be more blue/green coloured areas here. The total cooling time for the part has increased as a result of the fill time decreasing when two gate locations are present. This is because, despite it being beneficial for the fill time to be shorter, as the mould has been filled by more liquid plastic in shorter space of time the plastic has had less time to cool in the mould during the filling process so to compensate for this the cooling time for the part has increased after the mould has been completely filled. 


Sink Marks

The deepest sink marks possible for injection moulding this part with the single gate location would be 0.0155 mm deep. However, the majority of this part will only have sink marks around 0.0071 mm deep. Although these sink marks will be present throughout the part they are not so deep that they will alter the quality or aesthetics of the design a great amount, it is quite hard to injection mould a part and not have sink marks present. The sink marks seem to be particularly deeper around the nose of the funnel part. Usually sink marks are proportional to the wall thickness of a part, so these deeper sink marks on the part must mean that the walls are thicker at these points. 






With two injection locations the sink marks for the majority of the part seem be the same as when one gate location is used. The colour on the majority of the part is a marginally darker shade of blue, compared to the single gate location results, but the scale to the left for this simulation has higher increments so it levels out that the results are roughly the same regardless of whether one or two gate locations are used.








Weld Lines
      
Weld lines occur when a part is moulded with two or more injection locations and will form at the points where the different injected plastics meet. This part only has a one injection location, but, in any design with through holes, weld lines will always be present. This therefore explains why there are small weld lines present around the two through holes in the funnel design. 




  
















As there were two gate locations used in this simulation there is a clear weld line where the plastic from the separate gate locations meet. The two earlier weld lines near the through holes are also present on the design. The large weld line running across the middle of the design where the separate injected plastics meet will be the weakest part of the design. However, this may not be disadvantageous because the weld line is on a place in the part where it would not be easy to break the part. Also the part is not likely to be used in a situation where pressure would be but on the weld line of the part.

Air Entrapment
There are three air traps present on the design when only one injection location is used. Air traps often occur at though holes in a design. As the through holes in the funnel cannot be eliminated as they are a vital part of the design, other measures could be taken to reduce the likely hood of them appearing, such as adding ejector pins to the design. Other modifications such as adding a parting line vent near the air traps would not appropriate for this part as it would then fail to work as a funnel.




When the simulation is run with two injection locations, only two air traps are present on the design. This is an improvement on the previous simulation however. The through hole at the top of the funnel is an air trap which can be helped therefore adding an ejector pin here may prevent the air trap from appearing.




Conclusion

After simulating injection moulding the funnel part with one and two injection locations I feel that either method would be appropriate for moulding the parts as both have their own different advantages. For example, when the funnel is injection moulded with one gate location it has a quicker cooling time which can be beneficial inn increasing the number of parts made in a certain time frame. However, the process with two gate locations can be beneficial when looking at air traps as it is able to reduce the amount that occur on the part without having to make impractical modifications such as adding air vents to the part. The only factor which I would say that funnel with two injection locations has an advantage over the one with out is that the part has optimal ease of fill, therefore this may be the easier/best way to manufacture the part.












TASK 4: Draft and Undercut Analysis

Description: 
In this section I will be using solidworks software to analyse the lid of a camera body with regards to Draft and Undercuts. I will then make modifications to the part to reduce the effects of undercuts so that the part can be manufactured easily.
Results and Analysis:
SolidWorks draft analysis simulation:

As you can see there are areas where the part has negative, positive and required draft. The positive draft is simulating the direction of pull for the part. The negative draft is unwanted and will cause the tooling to fall apart when attempting to remove the part from the mould. To remove these areas of unwanted negative draft, the direction of pull for the part could be altered, if this fails to work then adding draft to the problematic areas will solve these issues.













In the images above, the undercuts on the camera body are highlighted in red. These undercuts mean that the part cannot be removed from the part. 
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