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[bookmark: _Toc507503087]Introduction
This report is based on choosing and researching different materials and manufacturing methods for mass producing a part for a bicycle. This part is a large cog of the rear cassette for a bicycle gearing system. Existing processes for making the rear bicycle cassettes will be evaluated as well as the requirements for material properties. The report will compare the advantages and disadvantages of these variables and will result in the best method and material being chosen. 
Current systems include the methods that are currently used for making rear cassettes/sprockets and what materials are used. The most common method currently used to manufacture a rear cassette for a bicycle is by milling a block of chromoly (chromium-molybdenum) steel. The process is done by a CNC machine for quick, precise and cost efficient machining. The machine can cut layers and cog teeth into the block of steel. A block of chromoly requires a full hour of milling before it is finished, according to SRAM (a privately-owned bicycle component manufacturer). The steel cassette is then given a nickel coating which provides extreme hardness, up to 35% harder than titanium. Which leads to them wearing down much slower (George and profile, 2018).
[bookmark: _Toc507503088]Materials

The materials used in making the rear cassette need to have certain properties, these include:
Good strength to weight ratio - The material needs to be extremely strong to bear the strain of the bike being pedalled and the weight of the rider being pulled by the bike. 
The material also needs to be light weight. For example, a modern racing bike needs to be as lightweight as possible to help the rider cycle faster with ease. 
Easily machinable - A material that has extremely high strength to weight ratio is no good if that material is so strong that it cannot be machined easily into exact dimensions.
In this section, three materials will be analysed to find which is the best suited to making a bicycle cassette.









Below is a table comparing the main properties of aluminium, titanium and steel. 
	Properties
	Aluminium
	Titanium
	Steel Alloy

	Tensile Strength (MPa)
	76 - 84
	241 – 552
	550 – 1.76e3

	Cost (GBP/kg)
	1.4 – 1.54
	7.52-8.27 
	0.378 – 0.416

	Melting point (degrees Celsius)
	643 - 657
	1677
	1.38e3 – 1.53

	Density (kg/m^3)
	2.67e3 – 2.73e3
	4.49e3 – 4.53e3
	7.8e3 – 7.9e3

	Corrosion resistant (1-5; 5 = Non-corrosive)
	Yes – 5/5 
	Yes – 5/5
	Yes – 3/5

	Hardness (Vickers)
	60 - 150
	155 - 165
	140 - 693




The table shows a clear difference between the properties of each material. It is easy to see the difference between tensile strength, cost, melting point, density, corrosion resistance and hardness. 
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[bookmark: _Toc507503090]Aluminium
Aluminium is a very versatile metal as it has a wide range of uses. It is a strong yet light material with a high reflective surface giving it a good finish.  An example of its appealing finish could be a laptop such as those made by Apple. These high-end computers are manufactured from a block of aluminium to make the base for a laptop. It is easy to weld and cast which, in this case is beneficial as casting is a well-known method for manufacturing bike parts such as the sprocket.  Aluminium oxidises quickly and the resulting coat of aluminium oxide prevents corrosion by air, water and chemicals. This is a clear, non-staining protective coating. Aluminium is also easily colourable, meaning that it can be easily anodised and holds paint well. This is beneficial to bike parts as many sprockets are colourful depending on the colour of the bike. There are also a few negative sides to aluminium, it is a rare material which makes it more expensive than steel. Also, if damaged, it is difficult to reshape or repair (AZoM.com. 2018).



[bookmark: _Toc507503091]Chromoly / Steel Alloy
Chromoly is an abbreviation for "chromium-molybdenum steel." It is a mixture of low alloy steels used, for example, to manufacture the frame for a bicycle and race-car roll cages. It is not as lightweight as aluminium alloys, but has the advantages of high tensile strength and malleability. It is also easily welded and is considerably stronger and more durable than standard steel tubing. Chromoly contains chromium however it does not have the same corrosion resistance properties as stainless steel (Metals, 2018). This material is often used when more strength is required than the normal mild carbon steel, although it comes at a higher cost. The added chromium helps to increase the hardness of the steel and the corrosion resistance, although it does not come close to the corrosion resistance of aluminium or titanium. The added molybdenum helps to increase the toughness of the alloy (Metal Supermarkets UK, 2018).



[bookmark: _Toc507503092]Titanium 
Titanium is the seventh most abundant metal in the Earth’s crust, but extracting this metal from the oxide which it occurs in, is unusually difficult. This makes titanium by far one of the most expensive materials. More than ten times the price of aluminium. One of titanium’s most well-known properties is its strength, it is amongst the strongest and most durable metals on the planet. Therefore, it is currently used in so many industries already. In terms of strength, unalloyed titanium rivals steel however is less dense, making it the preferred metal by many professionals. Another vital advantage to titanium is its natural resistance to corrosion, like aluminium. Unlike other metals which begin to oxidise when exposed to moisture. This means that titanium can last for years without rust and corrosion even when left outside in the rain. There are also some potential disadvantages to titanium. One of which being the struggle when it comes to casting. Unlike steel and aluminium, it cannot be easily cast. Steel and aluminium have much lower boiling points and are not as strong as titanium meaning that they can be melted into liquid form and cast easily (Monroeengineering.com 2018). Titanium is also considered as rarer than other metals which results in it costing a lot more. Typical uses for titanium include; Aircraft turbines blades, general aerospace applications, chemical engineering, bioengineering and medical appliances including glasses frames, sports equipment such as golf clubs and bicycles, casting for mobile phones and computers (Iom3.org, 2018).
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Figure 1: A graph to show the density of the three materials, against their hardness. 
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The graph gives a good idea of strength to density ratio. It shows that the aluminium has a lower density and high hardness, compared to titanium’s much higher density and similar hardness and steel alloys extremely high density and hardness. This suggests steel alloy would be the best material for making the bicycle cassette. Although aluminium does not have the best density to hardness ratio, it does have a lot of other positives that have been highlighted above. 
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Figure 2. (CES EduPack)
[image: ]This manufacturing process involves a high velocity (up to 80ms-1) and pressure, which is used to force liquid alloy into a reusable die cavity. A die cavity is also known as a mould cavity and can be classified as: single cavity, multiple cavity, combination and unit dies. A specific type of die casting is known as: Gravity Die Casting. This is going to be one of the three methods considered in the report. 
Gravity die casting differs from high pressure die casting as explained above – in that instead of using high pressure, gravity is adopted. (Dean Group International, 2018)
i) [bookmark: _Toc507503096]Process: 
1. The die is created, most likely from 2 metal parts, forming a mould. 
2. The mould is heated, in addition a die release agent is sprayed on in order to control temperature and removal of the casting.
3. The molten metal is poured into the mould either by hand using steel ladles or in certain quantities using mechanical methods. 
4. Once cooled sufficiently, the die is opened, and the removal of the casting occurs either manually or mechanically. 
5. Scrap metal can be re-used in production by re-melting. 
[bookmark: _Toc507503097]ii)	Benefits of gravity die casting:
· Dimensionally accurate
· Compared with sand casting:
· Smoother surface finish
· Thinner walls can be cast
· Fast production times
· The process reduces need for secondary machinery
· Excellent for mass production of identical castings
· Very economical process with small wastage
· High design flexibility
(Investacast.com, 2018; National Molding, 2018; Purityzinc.com, 2018)
[bookmark: _Toc507503098]iii)	Limitations of gravity die casting:
· The capital cost (fixed/onetime expense) is higher than that of sand casting, therefore in order to make the process economically viable, a high production volume is required. 
[bookmark: _Toc507503099]Sand Casting
Figure 3. (CES EduPack)
[image: ]Sand casting is another casting process which is similar to gravity die casting, in that it produces castings out of different metals. However, in sand casting a mould is required to form an empty cavity within the sand to create the desired shape of the part. This can be made from a variety of materials; most commonly wood, sometimes metal (Bollards by Reliance Foundry, 2018; Industries, 2018). A common form of sand casting is known as green sand casting, this method is going to be further explored in the report.

Green sand casting involves the use of wet sand, usually lake or bank sand as the aggregate and additives such as silica flour, cellulose and pitch are added. The sand is not ‘set’. 
i) [bookmark: _Toc507503100]Process:
1. A sand mould is formed, using a mould/pattern with green sand filled in around it tightly. 
2. The molten metal is poured, either manually or mechanically, into the cast. 
3. Once solidified, the cast is removed (the mould is usually broken and can be processed again). 

ii) [bookmark: _Toc507503101]Benefits of green sand casting:
· Allows for high flexibility in choice of moulds
· The mould can be re-used in a future process
· Aggregate and adhesive materials are readily available at reasonable prices
· Relatively high production rates, with low scrappage
· Can produce heavy and large parts
· Low equipment cost
iii) [bookmark: _Toc507503102]Limitations of green sand casting:
· Poor surface finish (more rough than smooth)
· Requires secondary machinery
· Lower dimensional accuracy than die casting
· Requires skilled workers


[bookmark: _Toc507503103][image: ]Injection moulding
This manufacturing process is one of the most widely used processes in industry. And is the third process to be discussed in the report, specifically polymer injection moulding. Where, polymers are injected into a closed mould. 




Figure 4. (CES EduPack)

i) [bookmark: _Toc507503104]Process:
1. Polymer material usually in pellet form, is heated in a barrel until it is soft enough to be forced into the mould cavity. 
2. Pressure is applied, to ensure the mould is completely full.
3. The material hardens in the mould and once cooled can be removed (moulds are usually split)
(Custompartnet.com, 2018; Bpf.co.uk, 2018; Rutlandplastics.co.uk, 2018)
ii) [bookmark: _Toc507503105]Benefits of polymer injection moulding:
· High product consistency therefore reducing need for secondary machinery
· Can be used to form very small parts
· High production rates
· Allows for high design flexibility
· Low labour costs
· Saves resources for plastics, as they can be re-melted and processed again
· Wide range of materials can be used
(Inc., 2018)
iii) [bookmark: _Toc507503106]Limitations of polymer injection moulding:
· Initial costs of machinery and tools is expensive
· Designs must be created before the process; therefore, production may be delayed
· Limitations to types of designs
· Unable to use this method for metals 




[bookmark: _Toc507503107]Conclusion

Whilst polymer injection moulding is a good method for making parts in industry, it would be an error to use this process for the rear cassette. For the part to be strong enough, it should be made of metal, in this case aluminium or steel alloy. Having said this, polymer injection moulding is an excellent manufacturing process for high quality and quantity parts and if a material was to be found, that was strong enough to withstand the demands of a rear cassette, would be a process to consider. Die casting is a similar process, and is suitable for casting metals. From looking at the advantages and disadvantages compared with the other two methods, it is the process which is most suited to the brief. Its precision and ability to create complex designs is perfect for the rear cassettes shape and requires no secondary machinery. This means a fast production rate on a large scale is possible, with a smooth finish. This is unlike green sand casting, where there is a rougher finish and requirement for secondary machinery and requires skilled labourers. Moreover, this will increase time of production, which may not be suitable to the customer. Die casting is very economical, with a disadvantage of initial cost for the machines. However, this may only affect small start-up companies and should be reasonable for larger companies. By employing this method, it can be said the product will be of high quality and dimensionally accurate. More importantly, when repeated the product will be the same each time.
Although titanium holds most of the properties needed, it is extremely; strong, hard and light. However, the drawbacks are that it is an expensive material as it is one of the earth’s most abundant metals and not as simple to cast as the other materials covered due to its high melting point of 1677 degrees. For these reasons, titanium is not the best material to use for producing the cassette. Chromoly is a material known for being used to produce bicycle parts, such as sprockets and cassettes. The alloy covers all of the necessary properties for the parts as it is lightweight, malleable and as strong as most aluminium alloys. Aluminium has the required properties for this purpose; it is light, easily cast, has high tensile strength and is much less expensive than titanium. For this reason, aluminium is the chosen material for the mass production for the rear bicycle cassette.
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