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When looking at any manufacturing process it is important to look at various factors. These factors will affect whether it is a viable manufacturing process for what you desire it to be. They include: cost per part, waste products, finish quality and production rate. This report will look at two different manufacturing processes that are an improvement to sand-casting for the manufacturing of bushes and sleeves.
[bookmark: _Toc535776816]Sand-casting
In order to compare these manufacturing processes, it is important to look at the current manufacturing method that the company uses. This way it possible to see the areas that can be improved upon and if the overall process is an improvement from sand-casting.
Sand-casting works by creating a mould from two pieces of compressed sand known as the cope and drag. A piece known as a pattern is placed within the compressed sand to form the shape of the desired product. Once the pattern has imprinted on the cope and drag the pattern is removed and the cope is placed on top of the drag. Molten metal is the poured into the mould via a sprue which is connected to the mould. Risers are placed in specific areas within the mould so that as the metal cools and contracts the risers feed it with more molten metal to ensure that the mould is filled up (Olsen, 2018).
Sand-casting is a manufacturing method that is usually used for low quantity production. This is because the production rate is very low compared to other manufacturing methods since you can only produce a small quantity of parts per cast (Anonymous, 2003). This method also restricts the complexity of the product that someone wishes to create since there are many factors that must be considered when casting with this method. For example, if a part has lots of small thin channels then you must ensure that the molten metal is reaching those areas before the metal solidifies. Another issue with this manufacturing process is that the end finish of the product is not of a high standard as a result of the mould being made from sand which leaves a relatively rough surface finish (Anonymous, 2003). It also leaves joining lines where the cope and drag meet as well as lumps where the sprue and risers were connected. These need further finishing to be removed.
A great advantage to sand-casting is its versatility in terms of making first time or one-off parts. This is because the pattern its self can be made of various materials which means you can create a large variety of shapes with lots of different methods (Olsen, 2018). This also makes it a relatively cheap manufacturing method because the equipment needed to cast is not very complicated or advanced. The most expensive part of this process would be the purchase and running of the furnace to melt the solid metal.
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 The first manufacturing method to look at as an alternative to sand-casting is investment casting. The term ‘investment’ within investment casting refers to the process in which the mould is coated in a mixture or slurry which then solidifies (Niagarainvestmentcastings, 2017). 
[bookmark: _GoBack]Investment casting usually begins with a wax pattern which is in the shape of the desired part. This wax pattern is usually formed using an alternative casting process like die-casting. These wax patterns are then attached to a gating system which is a collection of sprues, runners and risers so that there are channels to feed the mould the molten metal. The gating system is formed in a tree like pattern to maximise the number of moulds that can be fitted onto a single gating system. By utilising the space efficiently, the method allows for a higher production rate and therefore the cost per part is reduced. The pattern tree is then immersed into a mixture of silica and then pulled back out to harden. This is the investment part of the process and it is done repeatedly until the coating reaches the thickness required. The pattern tree is then left to harden allowing the wax patterns to form a ceramic shell around them. Once the pattern tree has dried it is then placed in an oven so that the wax melts and pours out of the mould completely. This now means that there is mould with a high enough melting point to cope with the temperatures of molten metal. Molten metal is poured into the gating system through the sprue and the pattern tree is left to cool down in order to allow the metal to harden. Once the metal has hardened the ceramic coating is then broken. This can be done various ways for example, with high pressure water jets a machine that vibrates causing the ceramic to break apart. Finally, the metal parts require a small amount of finishing where the sprue, runners and risers were attached as they leave an uneven surface. (Techcastllc, 2019)
An advantage of using this manufacturing process is that it leaves a very smooth high-quality finish on the part you are forming as a result of the mould being made from wax which is a very smooth material. The way the part forms also means that it requires very little finishing if not none. This reduces the time required per part and as a result increases production rate. Due to the way that investment casting works it allows the manufacturer to produce a large volume of parts and at the same time allows for a large variety of different parts to be manufactured within the same production line (PPCP Inc, 2018). This is ideal if you are manufacturing bushes and sleeves as there are a large variety of different types of bushes sleeves which vary from shape and size. 
The disadvantage to investment casting is that the start up cost is quite high. The machinery required to begin this process is very expensive as most of it must be automated within the production line. For example, the arm that holds the pattern must be able to move in order to dip into the slurry. This kind of machinery is also very large and therefore requires a lot of space to set up. This may also increase the cost of production as a company may be required to move to a larger more expensive area. Another thing to consider is that there is a size limit to the parts that can be produced using this method. If the part is too heavy then it may snap off the pattern tree and therefore this method would not be suitable for larger parts (PPCP Inc, 2018). However, this should not be a factor that affects a company that manufactures bushes and sleeves as they tend to be relatively small.
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The second manufacturing process is Injection moulding. It is most commonly used to create parts out of plastics and polymers. If the bearings and sleeves that are being manufactured are made from polymers and not metal, then this a very economically viable manufacturing process that will significantly increase production rate.
To begin injection moulding you must have a prefabricated mould usually made from aluminium. This mould should outline the shape of the desired part. A thermoplastic is inserted into a hopper above the screw. A thermoplastic is a plastic that can be melted and frozen multiple times without it burning. The hopper then feeds the small balls of thermoplastic into the screw which is surrounded by heaters. Here the plastic melts and is moved through the barrel as the screw rotates. The rate at which the plastic is injected is determined by the rate at which the screw moves. As the plastic leaves the nozzle at the end of the barrel it enters the sprue into a series of runners that feed multiple moulds at once. Once the plastic fills up the mould it sets very quickly since the mould is kept at a constant temperature. The mould tool then opens, releasing the mould (Pentagonplastics, 2017). Depending on the type of injection moulding process that is being used there will be different ways of detaching the part from the mould. Some processes use prongs that eject the part from the mould and allow it to drop into a container, others place the part into a conveyer belt to be carried further along the production line to be treated.
An advantage of injection moulding is that it is very efficient with the materials that it uses. The only waste product this process produces comes from excess material being left in the sprues or runners. This not only makes the process more economically viable, but it also means that it is more sustainable than other forms of manufacturing (Rogers, 2015). Not only this but because it uses thermoplastic as the material to manufacture the parts it means that you can use recycled plastics to from your desired part. By doing this the company is then reducing the number of non-biodegradable materials left in the environment (Rutland Plastics, 2018). This makes this process one of the most environmentally friendly manufacturing processes there is.
Another advantage to injection moulding is the finish quality of the product. As a result of it being very repetitive the products being produced are almost identical. This means that with some fine tuning every part being created meets the exact specifications that the company requires (Rogers, 2015).
A major set back about this manufacturing process is that the initial cost of tooling is quite high. This is because specialist machines are needed for injection moulding and a lot of them require some very specialised software. Not only that but also because the mould itself is made from metal the design of the part must be well thought of and designed with the process in mind. This also makes changing the type of part being manufactured more expensive than other methods. Also, large components can be quite difficult to manufacture this way, however, for bushes and sleeves this should not be a concern (Rogers, 2015).
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In order to have a fair comparison between the three manufacturing processes this report will focus on three aspects, they are: Finish quality, economy and environmental. 
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The main factor within environmental is how sustainable it is to manufacture the product. When looking at the three processes its clear to see the sand-casting uses the least amount of energy as the only energy consuming part comes from the actual melting of the metal. However, although the other two require more energy on a small-scale production, they are more energy efficient per part than sand-casting when looking at mass production. This is because they’re able to produce a lot more parts per minute than sand-casting and so the running costs of the plant are drastically reduced. When looking solely at investment-casting and injection moulding then injection moulding is the most sustainable. Not only does the process use less energy than investment casting but it can also use recycled material to create its product.
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Out of the three sand-casting leaves the worst finish as it leaves joining lines where the cope and drag meet, has a rough surface finish and it usually requires further finishing to remove the excess metal left from the risers and runners. As for the other two it really depends on what the material you would like the product to be made from. If your bushes and sleeves must be made from an alloy or metal due to certain tolerances, then investment casting is the best alternative. However, if the bushes and sleeves can be made from a thermoplastic then the finish that injection moulding leaves is probably the best. This is because the mould its self is permanent and therefore once you can produce one part exactly how you need it then you’re able to make them all to the same standard.
[bookmark: _Toc535776822]Economic
In terms of initial cost injection moulding and investment casting are the most expensive to set up. They both require specialised machinery and require a large amount of space for the machines. However, in the long run the cost per part is much cheaper than sand-casting when looking at mass production. This is especially true with injection moulding as the materials are far cheaper and the production rate is much higher than investment casting. If you are looking to produce a very small amount of parts, economically it makes more sense to produce the parts using sand-casting.
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In conclusion the best manufacturing method to produce bearings and sleeves is injection moulding when looking at the finish, environmental and economical aspects. However, if the bushes and sleeves require higher tolerances and therefore need to be made from a metal then investment casting becomes the better manufacturing process.
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