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This technical report is set out to show the processes for the design of a car figurehead, and the manufacture of that figurehead through sand casting. It will look at what needs to be considered during the design process to allow the best mould for sand casting. Also, what could or should be changed when using polymer injection moulding as an alternative. The report will also look at what material could be the best for the final product.
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[bookmark: _Toc37196108]	History of metal casting
Metal casting has been around for quite some time, from three to five thousand years. The earliest form of sand casting is from roughly that era, a copper frog dated to roughly 3200 BC in Mesopotamia. The evidence shows sand casting has been around for a very long time. With sand casting it is not a surprise that this method of casting metal is still around as it can be seen as the simplest method for casting metals (Khan, Sheikh and Al-Shaer, 2017).
At some point in the 1500s sand was used as a moulding material in France and, in approximately 1540, Vannoccio Biringuccio wrote his book Pirotechnia, the first book dedicated to the study of metallurgy to ever be printed. He is widely thought of as being the father of the foundry industry because of his writings on the subject. In his book there is a wide array of ideas and methods for casting including casting balls for shooting from guns. Biringuccio also offers many suggestions on how to retrieve the metals from ores (Biringuccio, 1966). 
		
[bookmark: _Toc37196109]	Metal casting and industry
Metal casting has been hand in hand with the world of manufacturing for many, many years. Making a range of products from the very simple to the incredibly complex and the challenges face in these creations have led to some incredible advancements in casting technology over time. Different casting processes and materials have been developed to create nearly any product that can be imagined to an incredibly high quality. The processes for metal casting in the past and the present are vital to help develop processes for the future as it shows what was and is working and what needs to be changed (Khan, Sheikh and Al-Shaer, 2017).
According to The Complete Handbook Of Sand Casting, sand casting is the most versatile of all the many methods for forming metal. Especially since it gives so much freedom to the designer. There is nearly no limit to the materials that can be used in the casting method, metals and alloys alike are easily mouldable through this method with no limit on the size either from something incredibly big for example a propeller for a ship that’s as big as a house to something as small as a fifty pence coin (Ammen, 1979).
[bookmark: _Toc37196110]	Sand casting complexity
Through research, it has been discovered that sand casting is a very popular method for casting metal around the world, with a large portion of casting globally being done using this method. 
When you look at what is needed to do some sand casting, it appears to be a very simple method for casting metal. Even though, we are in a modern age of space age materials and automated production lines, sand casting doesn’t necessarily need to use the large machines and heavy equipment that these large manufacturing companies use (Gingery, n.d.).  
Research shows the very basic needs for sand casting are a furnace or a way to melt the metal, the metal itself, a pattern and the sand mould. Once these have been acquired then the act of casting the metal itself would be quite simple (Campbell, n.d.)
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[bookmark: _Toc37196112]Flasks
	The process of sand casting begins with something called flasks. These are essentially boxes to contain the sand for the two sides of the mould. The top part of the flask is called the cope and the bottom is called the drag. Occasionally there are parts placed between these called cheeks but that’s just to mould taller objects. These flasks are normally metal or wood in construction and they can be left attached or removed while the molten metal is poured. If they are removable ones, they are called snap flasks. 
Flasks do not have any specific shape that they need to follow, for example they can be round or square even hexagonal. It doesn’t matter as long they can contain the sand mould and hold it in place for the casting then its fine. A simple set of flasks can be made at home using wood or perhaps metal if the tools are available and the person making has the skill level required to make them, as long as the parting line (where the cope and the drag meet) is flush and level. If this is not the case then a jacket may be needed, a jacket is needed for certain metals to prevent or lessen the metal pouring out of the side of the mould as this could cause injury or other problems. (Chastain, 2004)
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	A bottom board goes on top of the drag once all the sand has been rammed in and it stays on the mould until the casting is released. It is normally a thick piece of wood or plywood there is normally two bits of thick wood attached to it so you can get your hands underneath it once it has been turned over. (Magrab et al., n.d.).
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	This is where the pattern is held while the drag is being rammed to ensure that the pattern doesn’t move. With smaller moulds, a smaller piece of wood can be used as a moulding board however, for bigger pieces that require absolute precision. Some plywood can be fastened together to create a block that looks similar to the bottom board. (Rajput, n.d.).
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	When it comes to crucibles there is a golden rule that the crucible must have a higher melting point than that of its contents. For example, many metals can be melted down inside a steel pot however, in the case of iron or steel we would be talking about a ceramic crucible due to the high temperatures needed to melt these metals. The most commonly used materials for crucibles are clay/ graphite and silicon carbide. There are some drawbacks to both depending on what the crucible is for the clay/graphite crucible can be quite fragile and can break in a single use however Iron attacks silicon carbide so may not be the right choice for iron melting. (Gingery, n.d.)
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	A riddle or sieve is used to ensure the finest grains of sand are in the mould to increase the accuracy of the mould and to ensure no rubbish or debris is in the mould. Although once the pattern has been covered this excess from the sieving will be added on top to compact the sand even further. (Caborn and Mould, 1988).
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	With the mould in mind, there are some commercially available tools that may not be necessary as most of the actions that would need to be completed, can be done using a normal trowel and some spoons. A makeshift rammer could be the handle of a lump hammer. Either way there are ways that would help avoid spending loads of money on tools that may seem unnecessary. Where the crucible comes in there would be a skimmer, crucible tongs and some pouring shanks. (Chastain, 2004).
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	Sand casting is not that hard or expensive to start, at its very basic its just pouring molten metal into a sand mould. Examining the process in greater detail though, a mould is created with the flasks mentioned earlier and sand. There is a pattern placed down on the moulding board and covered with a release agent, talcum powder is ideal for this as it is very fine and doesn’t allow things to stick. Then the pattern is covered in sieved sand, the sand contains a binding agent like clay and some water, until the pattern is covered to the same sort of level above the pattern all the way round then it can be compressed and more can be added until it is flush with the top of the drag and level across the top (Sand casting, 2020).
	Once that has been completed the bottom board is added on top so the drag can be turned upside down. Now the same process is repeated with the cope. Once that is done, there is a pouring cup made on the top of the cope to pour the molten metal into the mould and there is a sprue to direct the flow of the molten metal to the well and the gate. A well is at the bottom of the sprue and funnels the molten metal through the gate, this is a narrow channel for the molten metal to flow through. Something called a riser is also included in the mould to allow air to escape and ensure that the molten metal has reached every part of the mould (Sand Casting Process, Defects, Design, 2020).
	Pouring the molten metal is the most dangerous part of the process as the metal is extremely hot and can cause serious injury for anyone who may come into contact with it. This is why some personal protective equipment must be worn doing this part. Some heat resisting gloves, some heat resistant overalls some face protection and some foot protection like steel toe cap boots. Depending on the size of the mould some breathing apparatus may be needed as the air may be toxic or difficult to breathe. (Personal Protective Equipment (PPE), 2020). Once the person dealing with the crucible is wearing the personal protective equipment, they will need to remove the metal from the furnace and pour it into the mould a little bit at a time. This continues until the molten metal comes out of the riser to signify that the metal has gone through the whole mould (Katz and Landefeld, 1988). 
	The only thing that is needed to do next is to wait for the casting to cool and then be removed from mould and excess metal to be removed. All that remains now is to finish the casting in whichever method is suitable for the particular project that is being worked on.
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	After much consideration and research the best material to cast from is aluminium, There are several reasons for this,
· Aluminium is one of the most readily available metals as it is used in various types of drink and food containers.
· Aluminium has a relatively low melting point compared to steel.
· A simple foundry can be set up at home to melt down aluminium using a steel pot as a crucible (How to Melt Aluminum Cans to Recycle the Metal, 2020)

Therefore aluminium shows that it is the perfect metal to cast the figurehead out of.	
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 	The design for the pattern was set out in a way that all the detail would be on the vertical axis to prevent any deformation to the mould once the pattern was removed.
[image: ]
	When placing the pattern into the mould the circular pattern at the front will be place in first so that the separation line runs the length of the body on the axis that why the two “wings” are as smooth as possible.
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What would you change for injection moulding?
	If the process was to change to injection moulding instead of sand casting, the first thing that would change about the design is there would be a lot more detail. The reason for this is that the injection of the polymer to create the cast would get into every tiny little detail of the mould. There would need to be a stand for the pattern itself as the injection would be completely covering the pattern therefore if it was leaning against the wall of the mould it would give poor cast. However with a stand it would only be a small section that wouldn’t have been cast and that could be purposefully placed in an inconspicuous place that would go mostly unnoticed (Injection Molding Vs. Casting, 2020).
	Another difference with injection moulding is that, because it’s a polymer it would take a lot less time for the casting to cool down and it would be possible to see the finished product a lot quicker, and replicate it quite quickly if it was needed, however there are specialised plastics that are needed for such a process and unfortunately unlike aluminium are not readily available for a simple foundry at home(Guide to Manufacturing Processes for Plastics, 2020).
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