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[bookmark: _Toc507446636]Introduction
[bookmark: _Toc507446637]Aims
The aim of the assignment is to select a suitable material and single manufacturing process to produce a large batch of cogs for the rear cassette of a bicycle’s gear system.

[bookmark: _Toc507446638]Objectives
To research current materials used in the production of bicycle cogs as well as how they are being manufactured. Compare the advantages and disadvantages between 3 manufacturing processes that could be used to make this product. Use CES to analyse the selected manufacturing processes and find suitable materials for the process. To narrow down the 3 manufacturing processes to a single manufacturing method and find  and justify the selection a material that will suit the given task.  
 


[bookmark: _Toc507446639]Literature Review 
Currently in the production of bicycle cassettes steel is the most commonly used material. Titanium is also used alongside with steel but only on the more expensive of the cassettes (Trek Bicycle Corp, 2014). The cassettes are manufactured by milling a solid block of the material using a CNC machine (Our pastimes, 2018). Since the bicycle’s gear system will need to withstand large impact forces and stresses the materials needed to manufacture the cassette will need to have properties strong enough to handle these forces. A material that is harder would be able to decrease the weight of the system as the less material would be needed to produce a cog and still provide the same strength needed by the part (Machine desgin, 2018).  





[bookmark: _Toc507446640]Manufacturing Processes 
[bookmark: _Toc507446641]Forging 
A possible process that could produce the bicycle cassette is forging. Forging uses a die and compressive forces to work the metal into the required shape.
A major advantage to forging is that the strength of the metal is increased. The forging process creates an ordered grain structure within the metal enabling it to withstand greater stresses and impact forces (Scot Forge, n.d.). The initial price of manufacturing the die can be costly and seen as a disadvantage but can be cost effective for large batches of the product. Maintaining the manufacturing process isn’t expensive and can also be automated (The library of manufacturing, n.d.). This advantage if useful for this task since a large batch of cogs is one of the main criteria in the task. 
Although the forging process isn’t expensive to maintain the cost of maintaining the die can be steep (Mechanical Engineering, 2017).        

[bookmark: _Toc507446642]Sand casting
A mould is created in sand with two halves called a cope and drag using a pattern. Molten metal is poured in to the sprue and down the runner of the mould and after it has cooled the mould is demolished to remove the cast. 
An advantage to using sandcasting is that intricate shapes can be created using this process and produce parts on a large or small scale (Custompart.net, 2018). The cost of sandcasting is relatively low since tooling costs are minimal but mainly used to produce parts in smaller quantities.   
A limiting factor to this process is that the product quality is lower than other processes as the surface finish is rough and the product will need machining to remove defects created by the parting line and riser cavities which also is time consuming. As well as a lower quality finish sandcasting can also be less accurate than other processes with it dimensions (MetalTek, 2017). As a result of the sand mould being demolished to extract the casted product this method has a lower production rate compared to other processes (Custompart.net, 2018).   


    
[bookmark: _Toc507446643]Die casting
The process die casting uses a steel mould made of multiple sections clamped together that can be easily taken a part to remove the metal. Molten metal is injected at a high pressure into the die and removed after it has cooled.
The die created to use for die casting can be made to produce elaborate or basic shapes which is a great advantage since this form of casting can be used to produce a range of products (Pace Industries, n.d.). The fewer the parts in the assembly of the die makes the process of die casting simpler therefore improving the quality can accuracy of the final product (Campbell, 2011). 
Similarly to forging, die casting has a considerably high cost to initially purchase the equipment needed and to afford production of the dies but can be justified if the production of a product is for large batches making the process economically viable (SIMIS Precision Casting co, Ltd, 2017). A limiting fact to die casting is that the size of the casted part is limited to a relatively small scale not allowing bigger products to be die casted (National molding, 2018).     













Figure 1 (CES Edupack, 2015)[image: ]




Using CES figure 1 compares tolerance and roughness for the three processes chosen. The further along the graph the rougher the finish of the product there will be as well as a greater tolerance. Due to this it will increases the production time and expenses for the process as the product will need to be machined to removed deformities. The graph shows that die casting can have different result depending on pressure and sand casting has the greatest tolerance and roughness. Forging has a smoother finish compared to most of the casting processes and a similar tolerance to the other processes therefore producing a part to a greater accuracy quality.  










Figure 2 (CES Edupack, 2015)
 [image: ]

Figure 2 shows production rate and economic batch size for the three chosen processes. The graph shows that die casting has the highest economic batch size whereas sand casting has the lowest economic batch size and smallest production rate. Forging has the greatest production rate out of these three processes and has a high economic batch size not far off of die casting.



After comparing these three manufacturing processes which each other I have chosen to use forging to manufacture the bicycle cogs as I think it is best suited to the task. From comparing these processes together forging stands out as it has the most advantages such as being able to produce large quantities of the cogs as shown the figure 1 which was one of criteria the company were looking for. Forging also doesn’t require as much machining as die casting, keeping costs and production time down.


The increased strength in the metal due to the order in the grain structure gained by forging the metal will provide a greater strength to the final product which will allow a reduction to the amount of material used. This reduction in material will increase profits as well as producing a cog that is lighter in weight (Machine desgin, 2018).      
[bookmark: _Toc507446644]Analysis

After selecting the manufacturing process to produce the batch of cogs a material that is most applicable to the process and task given must also be selected. When choosing this material there are a number of factors that must be taken into consideration such as how cost effective the material is compared to its properties and performance.    



Figure 3 (CES Edupack, 2015)
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Figure 4 (CES Edupack, 2015)
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As part of bicycles gear system the rear cassette will have numerous forces acting on it. The price of various metals have been compared to their shear modulus, compressive strength and tensile strength as shown in figures 3, 4 and 5. In figures 4 and 5 tungsten alloys and nickel alloys have been shown to have the greatest shear modulus and tensile strength. Low alloy steel and low carbon steel can withstand forces just less than or equivalent to these but at a much reduced price. Although the tungsten alloys and nickel alloys may have an increased strength the steel alloys will still provide the sufficient strength needed by the bicycle cog. The tungsten alloys and nickel alloys would not be cost effective to use since the difference in forces relative to the low alloy steel is negligible compared to the considerable distance between the costs of the metal. 






Figure 5 (CES Edupack, 2015)
[image: ]
[bookmark: _GoBack][image: ]Figure 6 (CES Edupack, 2015) 




Figure 6 compares the price of metals against their formability. Formability measures the ease at which a metal sheet can be worked to form the desired shape. The greater the formability of a material the more manageable it becomes to join or shape (CES Edupack, 2015). Metals such as tungsten have a poor formability so during the forging process metals with a higher formability would be better suited. Low alloy steels and nickel alloys equally have a high formability and would be materials that would work well with the forging process.    

After analysing manufacturing processes and suitable materials to work best with forging I think a low alloy steel should be used. Low alloy steel having using figures 3, 4 and 5 has proven to have a high shear modulus and tensile strength which are properties that it needs. Nickel alloys and tungsten alloys have a similar shear modulus and tensile strength to the low alloy steel but tungsten isn’t as formable as the low alloy steel is. Nickel alloys have similar properties and strengths to that of a low alloy steel but the extensive range between the costs of each of the materials would prove the low alloy steel a more cost effective option.   
         
[bookmark: _Toc507446645]Conclusion
In conclusion there are numerous ways in which a cog for the bicycles cassette could be manufactured. I chose that the best manufacturing process for this task would be forging and would use a low alloy steel to produce the cogs. In the task given the manufacturing process needed to be able to produce a large batch of the bicycle cogs. Both forging and die casting were capable of producing large quantities of cogs fitting the criteria. These manufacturing processes are both economically beneficial on the large volume scale but the grain structure produced by forging improves the strength of the material, greatly improving the cassettes performance. Sand casting wasn’t suitable since it is most commonly used for complex parts on a small production scale so would not be viable to use since it would have a higher production time than that of forging. The quality of the surface finish and machining needed after sand casting would also have meant a poorer quality finish and a further increase production time. 

The cog could have been made from a range of materials but low alloy steel was chosen as is far more cost effective than nickel alloys losing very little quality in the performance of the cog in comparison. Low alloy steel has a high formability which allows it to be suitable for the forging process that was chosen.        
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