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   Bushes and sleeves are currently manufactured by a company using the method of sand casting. The company desires surface quality improvement, reduce waste and cost, and is looking for an alternative process of manufacturing said bushes and sleeves.
   Companies and organisations in the business of manufacturing would like to produce products that are high in quality, low in cost, and in some cases, environmentally friendly.
   This report will search for two possible options of alternative manufacturing techniques that the company is looking for. It will also explore why the current method of production using sand casting manufacturing is not a favourable option of manufacturing.
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   Sand casting is a popular method of manufacturing. According to the Encyclopaedia Britannica (2018), “Sand-casting is widely used for making cast-iron and steel parts of medium to large size in which surface smoothness and dimensional precision are not of primary importance.” [1]
   The steps taken to sand casting first include pattern and core making; a model which is desired is produced which is then placed in the cavity of the mould, molten material will be poured in and sit until the material solidifies; the mould then is broken apart to get the desired model out and then in some cases surface finishing since there might be dimensions that are not 100% accurate.
   Here is an example of a sand-casting diagram which would be similar to what the company might use to produce its bushes and sleeves:
[image: ] [2]
   But despite its popularity, it holds limitations; these limitations are as followed.
· Porosity
· Dimensional accuracy
· Surface finish
   In addition, one disadvantage of sand casting is the breaking apart of the mould; if the same model needs to be produced, another mould must be made, which can take time and money to do.
   Since the company manufactures bushes and sleeves, it would be relatively easy to search for an alternative manufacturing process. Subsequently, the company is looking for two substitute processing methods that can produce bushes and sleeves, the research made to acquire these methods are Gravity Die casting and Investment casting. 
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   Gravity Die casting is a casting process similar to sand casting, except the mould is not broken up and can be reused. Gravity Die casting uses a permanent mould that is usually made up of metal that has a very high melting point and instead of being broken apart, it is ‘opened up’. And by its name, it uses the assistance of gravity to create the desired product.
   Here is an example diagram of gravity die casting:
[image: ] [3]
   The mould cavity would need to be shaped for the desired bush or sleeve the company wants to produce, the molten material is poured into the mould, solidifies, then opened to obtain the product in its finished form.
   The advantages of gravity die casting are as follows:
· “Good dimensional accuracy
· Smooth cast surfaces
· Thinner walls can be cast as compared to sand
· Inserts can be cast-in (such as threaded inserts, heating elements, and high strength bearing surfaces).
· Reduces or eliminates secondary machining operations.
· Rapid production rates.
· Casting tensile strength is higher than sand casting.” [3]
   All these advantages are what the company is looking for, they would desire that the bushes and sleeves have good dimensional accuracy, reduction or elimination of secondary machining processes, and rapid production rates. Furthermore, it saves costs and time compared to sandcasting, however, it does have a high initial cost, but that would only be in the beginning of the process. It also requires a large production volume in order to be an economical alternative, luckily bushes and sleeves come in several shapes and sizes. 
   This would also involve a good model, according to C.P. Hallam and W.D. Griffiths, “Good models require an accurate calculation of the changing temperature field in the casting and this requires good data on the thermophysical properties of the materials involved”. [4]
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   Investment casting is the second alternative processing method that appears to be what the company is looking for. According to the Encyclopaedia Britannica (2018), “investment casting a mould is made by drying a refractory slurry on a pattern made of wax or plastic. A series of layers is applied and dried to make a ceramic shell, and the pattern is then melted or burned out to provide the mould.” Which allows the product to have mass productions with finer surface detail along with allowing complex shapes to be produced. “It can be used with almost any metal and is customarily employed for casting relatively small parts. The wax pattern can be made by injection moulding.” [1]
   Furthermore, Pattnaik et al. (2014) states “Investment casting is accepted worldwide on the basis of the superior quality of the castings being produced in terms of high dimensional accuracy and surface finish.” [5]
   Investment casting is somewhat comparable to sand-casting; but it uses sandcasting to produce wax mould:
[image: ] [6]
   The process of investment casting starts with making wax patterns using the process of sand or die casting, these patterns are then assembled into a collection of patterns, it is then dipped or ‘invested’ in a refractory slurry which is then “strengthened by stuccoing” [3] which then is melted and the wax is collected for reuse. This helps the company keep the sand casting if they wanted to, it also saves costs by reprocessing the used wax.
   Further advantages of investment casting include:
· Steel castings of up to 300 kg and aluminium castings of up to 30 kg
· can produce complicated shapes
· requires little surface finishing
· minor machining [3]
   According to Wang et al (2013) in their journal of Cavity Pressure and Dimensional Accuracy Analysis of Wax Patterns for Investment Casting “The dimensional errors of wax pattern are influenced by the pattern geometry, the properties of wax, and process parameters.” [7]
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   The two possible options of better or alternative methods of manufacturing processes are the gravity die and investment casting. Both processes possess great advantages to the production of bushes and sleeves; with simple dimensions, acquiring these alternative methods should not cause much difficulties with the company.
   Both options have high initial costs, but will save them money in the long run, as well as having reduced waste and improved surface quality which is important in the production of bushes and sleeves. 
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The Basic Steps in the Investment Casting Process
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