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[bookmark: _Toc36427581]Abstract

Research was carried out to investigate the methods utilised insane casting and injection moulding learning from this a design was going to be created to be used in sand casting by researching the methods concept that designs were drawn up 
Due to having access to certain software and machines the decision was made to create the design of the pattern using SolidWorks when to enable speed and precision over delivery of this pattern a free D printed model would ideally be created. Using SolidWorks, the pattern was drawn up to incorporate a custom figurehead florican. the decision was made to use a coping drag pattern the main port behind this was over for two plates could align and give a more precise indentation into the mould. it also allowed Varenna to be incorporated within the pattern meaning of palm production less steps would need to be taken in order to create the part. Other options were considered happy initial design stage a solid pattern To be a more times timesaving designing when it came to concept initially this was going to be the pattern but as seen in figure the decision was made to split the design to create a split pattern however once this was created there was only a few more steps needed in order to create pick open drag pattern meaning there are more precise design could be implemented.
When it came to injection moulding the main difference in design came in the form of ribs but needed to be incorporated to help create structural integrity to the part these ribs are utilised primarily when bear is an isolated part within the design they used to help support the structure of us see figure whatever 
ones for research in designs have been created a retrospective look was taken over the work to see where improvements could be made and to identify key areas that had caused trouble during the creation of said report a key factor within this what is the current climate of the world so when it came to recommendations for doing this in the future consideration was put but this is a very rare occurrence so realistically visa issues should hopefully not arise again 
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In this report the steps for sang casting will be outlined, this will include the process for is needed and the tooling equipment necessary to create this part.  There will also be a brief overview of injection moulding .with compiled research an outline will be drawn steps that need to be taken to designing apart for sand casting this report will delve into what would then need to be done in order to make modifications to that design if it were to be injection moulded the design will be for a figurehead for a car . but design itself will be kept simple so that it would not cause too many complications if modifications were needed. consideration will be put into materials used speed at which part can be delivered and practical application on a larger manufacturing scale. 
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[bookmark: _Toc36427584]Sand casting
Many metal parts can be created via sandcasting varying in size and weight, on the smaller scale such parts as gears, connecting rods and propellers can be created whilst on the larger scale such things as machine bases engine blocks and cylinder heads. This is why sand casting can be seen as common place in the automobile industry (Custompartnet, custompartnet Sand Casting Process, Defects, Design, 2008). Generally, it is best utilised where iron and steel parts where the surface smoothness and dimensional precision are the main goals (Industrialmetalcastings, 2010). Complex parts can be formed with most of these alloys but magnesium can also be an option if inhibitors are added to the sand (M.Jolly, 2014). 
[image: ]
[bookmark: _Toc36426527]Figure 1 - Sand Casting example

Despite not being the quickest of way to get parts manufactured the process is quite a strait forward one with not too much complex equipment needed. Custompartnet states the equipment as follows; with the use of a furnace, sand mould, metal and a pattern. The metal is melted in the furnace and a ladle will be used to pour the molten into the sand mould which is formed by a pattern (Figure 1). Then along a parting line, once solidified the part can be removed. (Custompartnet, custompartnet Sand Casting Process, Defects, Design, 2008)
The process of sand casting involves pouring molten metal into a mould cavity, this is then cooled to room temperature for the metal to solidify. Once cooled the metal is separated from the mould (Figure 2)(MechanicalInventions, 2020)

[image: ]The mass of sand acts as insulation to the liquid as it cools, cooling rates within sand casting can range between 10−6 to 1 °C s−1 (M.Jolly, 2014). Since the mould must be destroyed in order to remove the part sand casting has a low production rate. (Custompartnet, custompartnet Sand Casting Process, Defects, Design, 2008). There are however means to help speed up this process, sometimes machines can be utilised for sand and mould preparation and the creation of casting boxes. Machines can also be used to compress the sand around the pattern and to help extract the finished pieces of work. (Industrialmetalcastings, 2010)[bookmark: _Toc36426528]Figure 2 - Sand casted parts
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(MechanicalInventions, 2020) states that the steps in the process of sand casting are as follows:
1. Pattern making and placement in the mould
2. Create a gating system
3. Removal of the pattern
4. Poring molten metal into the cavity
5. Cooling the mould to room temperature
6. Breaking the mould to remove part
There are many forms of patterns to design and selecting the correct one for the design is key to the result. The pattern can be considered the main tool for sandcasting; it is what is used to create the mould cavity. A pattering consists of a full-size model of the part that is created in order to form an impression in the sand. The pattern I made slightly larger than the part since a shrink will occur within the cavity. (Custompartnet, custompartnet Sand Casting Process, Defects, Design, 2008)
There are various materials can be utilised to make a pattern that range from wood, metal and plastics. Wood is one of the more commonplace materials due to it being inexpensive however it can deform easily. Whereas metal is a more expensive material but will last longer under high tolerances. Meaning that the pattern can be re used to create cavities for many moulds. (Custompartnet, custompartnet Sand Casting Process, Defects, Design, 2008)
There are four main patterns that can be created to form the mould as follows:
· Solid pattern – formed as a single piece and the easiest to create however can cause some difficulties in creating the mould due to the parting lines having to be determined separately.
· Split pattern – Here the parting line is determined via the cope and drag, allowing for more complex parts to be created.
· Match plate pattern – Similar to the split pattern however due to the pattern being attached via the same plate it allows for a more proper alignment of the cavities. Typically, this is used more in a larger production
· Cope and Drag Pattern – Again like the match place however each part of the pattern I attached to separate plates. This again allows for proper alignment. The main difference however is that the cope, drag and runner system can be included into the plates.
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[bookmark: _Toc36426529]Figure 3 - Various pattern types

[bookmark: _Toc36427586]Polymer injection
Injection moulding is used primarily for the fabrication of plastic parts that can be formed across a wide variety of complexities. With a moulding machine raw plastic is melted and then injected into the mould until it cools and solidifies. (Custompartnet, Injection Molding Process, Defects, Plastic, 2007)



	[image: Injection molding machine overview]
[bookmark: _Toc36426530]Figure 4 - Injection Moulding Diagram

	




Thin walled plastic parts are the most commonplace thing to be manufactured by injection moulding such  as plastic housing, however, more common place objects such as toys and toothbrushes can also be made using this method. The process is very short in comparison with sand casting and the process can take anything between two seconds to two minutes. (Custompartnet, Injection Molding Process, Defects, Plastic, 2007)

[bookmark: _Toc36427587]Process
1. Clamping – Two halves of the mould will be placed in the clamping unit. Using hydraulic force, the two sides will be pressed together.
2. Injection – This is where the raw plastic is pressured and heated into a molten plastic state, it is then injected very quickly into the mould via a shot.
3. Cooling – The molten plastic is cooled into a solid state.
4. Ejection – The final stage will occur after enough time has passed. The part will eject from the mould and a mechanism is used to press the part out. A mould release agent can be sprayed to help ease the part out.
After the injection moulding cycle, some post processing is typically required. During cooling, the material in the channels of the mould will solidify attached to the part. This excess material, along with any flash that has occurred, must be trimmed from the part, typically by using cutters
There is typically a need for post processing after an injection mould has solidified, removing any excess material such as the runner and sprue and any flash that may be there (Figure 5).
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[bookmark: _Toc36426531]Figure 5 - Injection Moulded parts
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[bookmark: _Toc36427589]Pattern Design
When designing the pattern certain factors should be considered to maintain quality and structural integrity of the part. Custompartnet gives the following set of instructions:
· [bookmark: _Hlk36307714]Ensure the wall thickness is kept low to help with cooling time and solidification
· Keep the thicknesses as uniform as possible, uneven surfaces can result in cracking.
· Round off any corners in order to help eliminate fractures
· Inner radius should be at least the thickness of the walls
· Any inner features should also be the same thickness as the walls
· Have a draft angle of at least 2° - 3° for ease of removal of the part
(Custompartnet, custompartnet Sand Casting Process, Defects, Design, 2008)

[bookmark: _Toc36427590]Method
A Cad file will be drawn up on solid works so that it can be 3d printed, there were two reasons for the choice of this method, one to keep costs low but also it allowed to adjust each design so that all patterns could be incorporated. This would then allow for the ability to experiment with different pattern styles to see which would work best for the design whilst keeping costs at a minimum.

[bookmark: _Toc36427591]Change to injection moulding
It is important for the mould design to allow the flow of the molten plastic. The ability to remove the solidified part is also determined by the draft angle of the design, due to this the design should not incorporate any complex features. (Custompartnet, Injection Molding Process, Defects, Plastic, 2020)
· Ribs should be added for structural support.
· Ribs should be placed perpendicular to where bending may occur. (Figure 6)

[image: ]
[bookmark: _Toc36426532]Figure 6 - Ribs for injection moulding design

· Their height should be less than one third of the wall thickness
· The draft angle should be at least 0.25°
· Any details within the part should be connected via ribs also. (Figure 7)
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[bookmark: _Toc36426533]Figure 7 - Isolated details with ribs
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[bookmark: _Toc36426534]Figure 8 - Solid pattern Figurehead
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[bookmark: _Toc36426535]Figure 9 - Split pattern Figurehead
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[bookmark: _Toc36426536]Figure 10 - Match Plate pattern
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[bookmark: _Toc36426537]Figure 11 - Drag Pattern Figurehead
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[bookmark: _Toc36426538]Figure 12 - Cope Pattern Figurehead
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[bookmark: _Toc36426539]Figure 13 - Cope Pattern Figurehead (sideview)
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Figure 1 in the results was the first concept design, it was going to be kept as a solid pattern, however as research continued the observation was made that with a few adjustments each pattern could be incorporated. There were aspects of the designs that were unable to be finalised, as stated in the design process draft angles need to be implemented for east of removal from the sand. The main cause in these not being implemented is due to the current pandemic. limitations on the equipment available meant that finalising certain aspects proved tricky. One possibility would have been to take the design back to the drawing board, however seeing as time had been spent already it was felt but it was best show what had been created and highlight the aspects that would have liked to have changed. 




[bookmark: _Toc36427594]Conclusion
To conclude having looked into casting and the various methods around it is evident but there are many means available to create a pattern even with the current limitations on the resources available to us. Theoretically steps can be taken to create such designs from more readily available tools and materials that are available in everyday households. However, it should be stated that these do come with their own limitations whether it be precise details, time used to create, costing or general aesthetics.



















[bookmark: _Toc36427595]Recommendation
With the current climate of the pandemic aside, there are few things that would have been implemented differently on a future project of the same nature. Firstly, having printed version of the pattern would have been beneficial to experiment with and identify any key areas that could have done with improvement. Secondly another form of pattern creation could have been beneficial into understanding the different approaches that can be taken in the creation of such parts.
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