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[bookmark: _GoBack]Manufacturing processes for bike cassettes
Introduction 
The objective of this report is to find three processes that could mass produce a rear cassette of a bicycle.  The report will be looking at different materials that could be used as, well as, the processes that would best suit making the cassette in mass production.  The current ways of processing a cassette will be discussed. The report will then compare each process as well as speak about the advantages and disadvantages of each process. The processes will then be compared and an opinion on the system most suited towards making the cassette.
Current systems 
Currently there are many ways a cassette is made.  Many companies however use machining as a way to mass produce a cassette.  For example, this is how one company make bike cassettes.  Where they would get cylindrical pieces of chromoly steel that is then milled down into a dome and put into a milling machine.  It is then put into a Computer Numerical Control machine to be finished  (George, 2018).
The disadvantages with this system is that you can only make one at a time.  The time taken to produce one cassette is a lot greater than other methods; this would, alternately, save cost of production. Advantages of using this form of process is that you know there would not be a fault in system and once set up correctly every cassette made will be same.
Materials
Initially looked at were the materials that would best suit this assignment.  First material to come to mind is aluminium this is because it is light, cheap and widely available.  It would be strong enough to be able to hold the weight of a gear changes. Aluminium is also, very resistant to corrosion. This is a key aspect as a cassette has to last through tough conditions (Anon., 2018).
Another possible material to use would be chromoly steel; Chromoly steel is a type of low alloy steel that gets its name from a combination of the words “chromium” and “molybdenum”. This alloy of steel has a good strength to weight ratio.  It may not be as light as aluminium alloys, however, it very good under tensile stress and is malleability. The steel alloy is strong enough for the cassette and this material is already in use for cassettes.  Steel is also cheaper and more widely available than aluminium.  However, due to the added elements of chromium and molybdenum this type of steel is more expensive than regular steel.  This may affect the price of the steel to extent that it might be more expensive than the aluminium.  The added elements in the steel will help making the steel more corrosion resistant.  This was the material that was used in the example of current systems (Anon., 2016).
Titanium is the third material worth looking at due to the properties it processes. These properties include, strength, stiffness, toughness, low density, and good corrosion resistance provided by various titanium alloys.  The down side to titanium is the cost of the material.  The cost of titanium tends to be more expensive than aluminium and steel. However, prices have been falling but would be unlikely to reach the levels of aluminium Totalmateria.com. (2018).


Shell Casting
The process of Shell casting is, a mixture of fine-grained sand and thermosetting resin is applied to a heated metal pattern either aluminium or cast iron it is then cured to form a shell. Two matching shells are then joined together to form a complete mould, which is placed in a flask backed with sand or metal shot ready for the molten metal to be poured.  Because the pattern must be capable of withstanding repeated heating to around three hundred Celsius, metal patterns are used, this causes the tooling cost to be relatively expensive and extends the lead times. Shell casting provides superior surface finish and better dimensional accuracy than conventional sand castings.
Two variations of the process exist.  The Vacustract Process provides better shell support and generates less fume. The CLAS Process in which the mould is fed under vacuum from the base and therefore gas porosity and inclusions are minimized. 
This process suites the three materials that were discussed as possibilities for making the rear cassette.  One of the positives for using this process are possibilities for complexity. The ability to be able to change different sizes of the cassettes; this could prevent too much disruption if the cassette size needs to be changed or speeds to be added to the mould.  This could be easily done by having a mould set up and ready. This could cut time, which would lead to the overall cost of production being lowered.  The production size for shell casting is quite small range from around five units per hour to fifty units per hour. 
The graph shows the possible range cost per unit for shell casting[image: ]
As seen in the graph, that this process is meant for mass production.  The cost of the unit decreases considerable as the batch size increases, until the batch size reaches around ten thousand then the relative cost of the unit steady’s out at a max cost of around £50 per unit.  The lowest possible cost of a single unit at a batch size of ten thousand is around £20.  The parameters of the graph are listed below the graph.
 (Waterman, 1991) (Bralla, 1986) (Schey, 1977) (Kalpakjian, 1984) (Alexander, Brewer, Rowe, 1987)


Investment casting automated
In investment casting, wax patterns are made by injection moulding into a metal die and then assembled on a tree with feeding and gating systems. The wax pattern is dipped into a refractory slurry, then covered in a refractory stucco and allowed to dry for a number of hours; this is the first coat. The procedure is repeated a number of times, usually until about eight coats of refractory have been applied. This is the ceramic investment shell. The wax is then melted out, preferably in a steam autoclaves. The ceramic shell is fired to around thousand Celsius and then the molten metal is cast into the ceramic shell. Air pressure, vacuum or centrifugal pressure can be used to ensure complete filling of the mould when the mould is complex and thin sections are involved. The mould is broken up to remove the castings.  The process can also be known as the Lost Wax Process. 
The process suits the three materials that were considered for this project. Due to the wax pattern is melted out, shapes can be very complex with contours, undercuts, bosses, recesses, etc. This will complement the task of a rear cassette because of its complicated shape. The process needs precise tooling to create the shape this takes time as well as the layers of refractory stucco taking hours to dry and the number of coats needed consumes time. This in part leave this form more expensive to set up. However, once made the overall production is quite high from ten units in an hour to two hundred units per hour. 
The graph shows the possible range cost per unit for investment casting[image: ] 
As seen in the graph, that this process is meant for mass production.  The cost of the unit decreases considerable as the batch size increases, until the batch size reaches around ten thousand then the relative cost of the unit steady’s out at a max cost of around £25 per unit.  The lowest possible cost of a single unit at a batch size of ten thousand is around £15.  The parameters of the graph are listed below the graph.
(Waterman, 1991) (Bralla, 1986) (Schey, 1977) (Kalpakjian, 1984) (Alexander, Brewer, Rowe, 1987) (Edwards, Endean, 1990)


Green sand casting automated 
In green sand casting, a mixture of sand and clay is packed around a pattern that has been made for casting. The pattern is then removed to leave the cavity in which molten metal is poured.  When the metal solidifies, the mould is broken to retrieve the casting. The automated green sand casting process is used when large quantities of castings are required. It uses aluminium patterns because they can withstand the wear of repeated heating. Gates, risers and runners are incorporated into the pattern. Mould compaction is done mechanically using jolting or squeezing machines to allow fast production; There are some variations of the process. These variations include dry and skin dry methods. The dry method is when the mould is dried to remove the moisture.  Dry sand moulds are stronger and more rigid and therefore, have been used in the manufacture of large heavy castings. Skin-dry sand mould surface dried is only used for casting steels. This would be the process used if chromoly steel is chosen as the material of choice. 
The process suits all three of the materials looked at for use within the rear cassette. The process has very little restriction on shape.  The process can cut a number of ways with differing sizes. This is needed as the rear cassette is a complicated shape to design and make. The process tends to be used more for aluminium, which would most likely be the preferred option of material for this process, since it is commonly used within green sand casting.  The production rate for this process ranges from twenty units per hour up to three hundred units per hour.  This is the largest production range between the three processes, with this process having the capability to produce one hundred more units per hour than investment casting and has the capability to produce six times more units per hour than shell casting.
The graph shows the possible range cost per unit for green sand casting:[image: ]
As seen in the graph, that this process is meant for mass production.  The cost of the unit decreases considerable as the batch size increases, until the batch size reaches around ten thousand then the relative cost of the unit steady’s out at a max cost of around £20 per unit.  The lowest possible cost of a single unit at a batch size of ten thousand is around £9.  The parameters of the graph are listed below the graph.
(Waterman, 1991) (Bralla, 1986) (Schey, 1977) (Kalpakjian, 1984) (Alexander, Brewer, Rowe, 1987) (Edwards, Endean, 1990)
Comparison of material
Aluminium is an extremely light material; having a light material is essential within making a bicycle as this allows the rider to go faster. Aluminium is the lightest material within the chosen materials. Aluminium is corrosion resistant this is important due to the fact that the bike could be ridden while it is raining or be left out in a cold area. Aluminium would prevent any damage accruing because of the elements. If the cassette breaks somehow it would be possible to recycle all of the aluminium allowing the bike to be environmentally friendly. This is important as during production of the cassette and excess waste could be recycled: save money as there would be no wastage.
Aluminium is not as widely available as steel and due to this it is more expensive than steel. This would increase the price to make the cassette. This intern would increase the cost of the bike.  If the price is increased too much the public will not buy the bike and the whole process would be wasted.
Steel is easily accessible this would make resourcing the material extremely easy.  Steel is also cheap, this would allow cost of production to lower and investable make the whole part cheaper to make. Although chromoly steel is slightly more expensive due to the fact it is an alloy of steel it still would be cheaper than aluminium and especially titanium. Chromoly steel is also very strong and could easily withstand any exerted pressure onto the cassette, making sure it would not easily be broken. 
The added elements of chromium and molybdenum improves the rate of which corrosion accrues within the steel. However, the fact it will eventually have some slight corrosion is a problem with this material. 
Titanium is corrosion resistant, this is important due to the fact that the bike will be ridden outside or left outside for the elements to hit the bike would not compromise the cassette. Titanium is extremely strong compare to its weight this has two benefits in one as it can withhold any forces applied onto the bike and is light for easy use for the rider. Titanium is also recyclable as stated in the aluminium section this is important as all of the titanium can be used in production and could save money due to lack of material wasted. 
Titanium is the most expensive material out of the three materials chosen.  This would increase production costs and this is an area in production that has to stay low. As this would increase everything including the bike itself. 
[image: ]This graph shows hardness compare too density on titanium alloys, aluminium alloys and stainless-steel alloys where chromoly steel will be under.as you can see aluminium is the lightest but the least hard. Whereas steel was the hardest and the densest. Titanium sat firmly in between in both aspects.
Jwwinco.com. (2018). Kyocera SGS. (2018). AZoM.com. (2018).


Comparison of processes
The advantages of shell casting are; 
· good surface quality
· high rough casting dimensional accuracy
Shell casting has a good surface finish on the product due shell moulding uses phenolic resin as the sand binder, so the smooth and hard surfaces of sand moulds make the castings have good surface smoothness. Since the moulding material is a type of hard mould, there will be less swell of sand moulds, so the dimensional tolerance will be smaller. This gives shell casting the highest accuracy out of all the processes chosen.
The disadvantages of shell casting are;
· High production costs and casting prices
· High pattern costs
Shell casting is the most expensive choice out of all of the processes in this report. The cost of production including casting prices and pattern costs bare high due to the resin used in shell casting. Shell casting also uses metal patterns, which are more expensive than plastic moulds. The production range for shell casting is the lowest out of all the processes chosen for the report.
Investment casting automated advantages;
· Surface finish is good
· Accuracy 
Investment casting is very similar to shell casting as it is highly accurate and has an excellent surface finish. This is important because the cassette needs precise accuracy otherwise the cassette will not fit on the bike and smooth finish will be necessary; we cannot leave sharp edges as a customer may cut themselves.  
(Anon., 2018)
Investment casting automated disadvantages;
· Initial cost 
· Time consuming at beginning 
The initial cost of investment casting is high this is because of the equipment needed to make the wax patterns. It also takes a long time to produce the wax patterns and this brings up high labour costs. It also slows the process of making the cassette therefore costing more money overall.
Green sand casting automated advantages;
· Production range
· Simple production process
· Lower production costs
Green sand casting has the largest possible production output of the chosen processes. This is useful as we could produce more cassettes per hour. This makes a large batch easier to make and cuts time of production down. The production for green sand casting is simple and has low cost to produce. This makes our initial cost cheaper and bring all of the expenses down, from labour of setting up the process to the actual cost of making the cassette.
PPCP Inc.(2018). 
Green sand casting automated disadvantages;
· More casting defects
· Rough surface quality
· Bad casting dimensions
· Unstable casting quality
The disadvantage of using sand casting is mainly the quality of the production. They can have defects in the casting, which could bump cost of production up especially if it becomes a common occurrence. The accuracy in sand casting is very poor as it is not as accurate as the other two processes chosen. The finish of the process is also not as fine as the other two processes. This may cause problems with fitting the cassette onto the bike or health and safety on the cassette could be compromised.  
Iron-foundry.com(2018).
Conclusion
The material that would best suit this process on a mass production scale is aluminium as it is less expensive than titanium It is strong enough to hold pressure on the bike and light enough to keep the weight on the bike down. Aluminium is also corrosive resistant, this is a critical property to have for a material.
The process that would best suit a mass production is investment casting. This is because of it quite large production range as, well, as it’s very accurate in the finished state as, well, as the clean finish investment casting allows.
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