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Introduction
This report will show that I can research any information that is pertinent to a specific task, as well as being able to analyse certain relevant characteristics of materials to determine which would be more suitable for a purpose of the desired product. This will be done through CES and will have results to go along with my findings. This report will be focused on determining the most suitable material and process in which to create a large cog of the rear cassette of the gearing system. The large cog of the rear cassette of the gearing system is a bicycle part that is always moving if the bicycle is being used. 

How large cog of the rear cassette of the gearing system is currently made
There are many processes that can create a cog these include stamping, machining, powder metallurgy, casting, forging and injection moulding. Machining is the most common method for making gears or cogs. Machining can be split into two categories, the first is gear generating and the second is gear form-cutting. Hobbing and shaping are both primary processes of gear generating whilst broaching and milling are the main methods of gear form-cutting.
Hobbing is the process of generating gear teeth by means of a rotating a cutter called a hob. It is a continues indexing process in which both the cutting tool and work piece rotate in a constant relationship while the hob is being fed into the work. (vendan, 2015)
https://www.slideshare.net/palanivendhan/gear-manufacturing-process
Gear shaping uses a cutting tool in the shape of a gear which is reciprocated axially across the gear blank to cut the teeth while the blank rotates around the sharper tool. (vendan, 2015)          https://www.slideshare.net/palanivendhan/gear-manufacturing-process
Gear milling is a process that requires the use of a milling machine that removes a small amount of metal with each tooth of the multitoothed cutter and can produce a wide variety of gears. The tooth gap is created by passing the form cutter through the gear blank. Gear milling is an inaccurate process and should only be used when producing a product that doesn’t require precise sizes. Gear milling is an outdated process.
Broaching requires specific broach cutting tools to be used on each part to maintain the product is as it should be. Broaching is when a broach cutting tool goes through a material, whilst the broach cutting tool is going through the material the size of the tool will get bigger of a certain amount of time to cut the intended shape. Broaches are designed to close tolerances with its multitoothed cutting tool and causes the price of them to be high. This process is usually used for a high production rate.
Stamping has a range of sheet forming processes, these are either done through die or press. Some of those processes are stretching, bending, blanking, coining, drawing and forming. This process will give the product a uniform cross-sectional area for all its shapes.

Material property requirements
Durability is an important thing when deciding which material is best for the task, durability means that it will need replacing less often which in turn means less money spent on it. The better the durability the longer the product will be able to work reliably in a way that it was designed to do. 
Strength is the main aspect when thinking about material properties, it is irreplaceable. It must be at least a certain strength to withstand the force of the chain pulling against it at a high speed that the bike is capable to travelling at.
Having a lot of important properties is meaning less if the material is too difficult for manufacture, which can lead to the product being either very costly due to the extensive effort placed into creating it and that it may still be lacking in terms of the detail (from what was initially designed).
Must be able to withstand all weather conditions without corroding, corrosion can happen in various environments and must be able to perform adequately in such surroundings and conditions.  Some materials are more susceptible to corrosion most are metals similar to iron, although these can be treated with to resist corrosion. 
Cost is always relevant in deciding a material, it determines how much of a material can be used, the quality of material. If the product is going to be sold it must be within a certain margin in order for it to sell, if the price far exceeds the value it will very rarely get bought and if the price is to low it means that the materials used were lacking in certain properties that can affect lifetime or the effectiveness of the product.
Recycling is a important part to consider with environmental concerns rising, being able to recycle is a big part of how people think when purchasing certain items. 


Advantages and disadvantages of the processes for making a large Cog
Broaching Advantages
· There are almost no limitations on the contour shape of the broach teeth allowing the process to almost have an incredibly wide selection in terms of the shape of the surfaces produced.
· Capable of producing precise machined surfaces.
· Is a more accurate process with a greater finish than milling
· It is on par with milling when considering it economical value
Broaching disadvantages
· A large volume production is needed to justify the initial cost of the broaching tool and the special machine. If a low volume production were to be done they would not be gaining enough money from the finished products to achieve a profit, but would also lose money due to the fact that the specialised equipment was worth more than the finished products.
· The material must have enough strength to withstand the forces acting upon it with braking. There are several edges on the broach tool and would all apply ample force upon the material, unlike with many other processes.
· The broaching tool cannot be obstructed or interfered whilst within the passage over the surface of the material to be machined.





Hobbing Advantages
· Gear hobbing is a fast and continues process with a fast production rate.
· Capable off making a wide variety of gears from helical gears to sprockets.
· Can make any number of teeth with precision of module due to the process of required indexing being simplified greatly.
· A wide variety of batch size can be produced by this process.
· Hobbing can create a special gear called the harringbon gear exclusively.
· Hobbing has 3 different types of processes, Hobbing with axial feed, hobbing with radial feed and hobbing with tangential feed. These three different types ensure that almost all shapes can be created when using hobbing.

Hobbing Disadvantages
· Gear hobbing is unable to produce any internal gears.
· Herringbone gears cannot be cut using gear hobbing.

Milling Advantages
· Almost every metal can be machined by milling except for the hardest, all polymers are also able to be machined by milling.
· Glass and ceramics can be drilled or cut but require special tools, to be able to cut or drill glass or ceramics a diamond or carbide-tipped tool must be used. These can be expensive to acquire and to maintain in working order.
· Can produce complex shapes as well as being very precise and having a good finish. 
· Any quantity of production is economical.
· There are four different milling techniques. The techniques are Slab milling, slotting, form milling and straddle milling.

Milling Disadvantages
· Can produce complex shapes, having high precision and finish, but requires a great sum more of money.
· Some of the items used can cause environmental issues such as lubricants and cutting fluids. 

Stamping Advantages
· Stamping has a variety of different sheet forming processes that can be used in succession to produce intricate shapes. 
· Die stamping has a high production rate due to the progressive dies being able to perform many tasks at the same station.
· Can produce complex shapes using one of these two processes; drawing or bending, all those operations are capable of creating intricate shapes.
· Stamping has 4 different processes deep drawing, bending, stretching and blanking. 
· Cost of the tools ranges from small, simple to large and complex dies.
Stamping Disadvantages
· Stamping is limited into only using materials in sheet form and the thickness is also limited to available sheet size.
· Tools are high in price because they are dedicated.

Selection of a suitable material and process with CES results
By using the computer software CES Edupack 2015 I have been able to compare material and process against one another to determine which I find Is more suitable to be used to create the large cog of the rear cassette of the gearing system. My final decision for the material came down to a choice of two alloys low carbon steel and medium and high carbon steels. The decision for the process has been narrowed down because of the material candidates not being compatible with certain processes, which makes the most suitable remaining options milling and broaching. 
I feel that from those possibilities the best option is to have the large cog of the rear cassette of the gearing system made of medium carbon steel and will be processed into this product by means of broaching. The grade of the medium carbon steel will be AlSl 1030 which means it can still be broached because of its low carbon content and to have enough strength to withstand the force applied from the broaching. I chose medium carbon steel because of its strength, versatility and that it can be more effectively machined (broached) by being cold-worked. Medium carbon steel is stronger than low carbon steel and weaker than high carbon steel, both medium and high carbon steel are more expensive than low carbon steel. Medium carbon steel is more compatible with machining (broaching) than high carbon steel because the higher the carbon content (or tensile strength) the less effective machining (broaching) is. I chose the low, medium and high carbon steels as my final option because of my findings on CES, they had the lowest price to highest density and lowest price to highest tensile strength ratios, as shown on the graphs below (the carbon steels are in the boxes coloured in grey on the left-hand side of the graph).
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The shear modulus / price graph also shows that the carbo steels are the lowest in price whilst still possessing a similar shear modulus to the other more expensive metals.
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Broaching was picked to produce the large cog because of its precision, that it can create many different complex shapes. One of its few disadvantaged was that its broach cutting tool was expensive, but these large cogs will be made in a large volume which will make this a viable option. Broaching is as economic as milling but produces better accuracy and finish. Broaching requires expensive special tools which delivers precision to all products of the process, whilst milling prices get expensive when being precise and getting a good finish on certain products of the process.
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Research
There are four types of carbon steel based on the amount of carbon present in the alloy. Lower carbon steels are softer and more easily formed, and steels with a higher carbon content are harder and stronger, but less ductile, and they become more difficult to machine and weld. Below are the properties of the grades of carbon steel we supply:
· Low Carbon Steel – Composition of 0.05%-0.25% carbon and up to 0.4% manganese. Also known as mild steel, it is a low-cost material that is easy to shape. While not as hard as higher-carbon steels, carburizing can increase its surface hardness.
· Medium Carbon Steel – Composition of 0.29%-0.54% carbon, with 0.60%-1.65% manganese. Medium carbon steel is ductile and strong, with long-wearing properties.
· High Carbon Steel – Composition of 0.55%-0.95% carbon, with 0.30%-0.90% manganese. It is very strong and holds shape memory well, making it ideal for springs and wire.
· Very High Carbon Steel - Composition of 0.96%-2.1% carbon. Its high carbon content makes it an extremely strong material. Due to its brittleness, this grade requires special handling. (O'Neal Steel, 2018)
http://www.onealsteel.com/carbon-and-alloy-steel.html
For precision parts that need to be heat treated, such as gears, a part can be broached to near net shape before heat treating. Then a finish broaching operation is performed, removing just a small amount of the hardened material, Nemec said. In this case, the very expensive, specialized machines can cut material as hard as 58 to 60 Rockwell C. (Today's Machining World, 2009)
http://todaysmachiningworld.com/magazine/how-it-works-broaching/
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