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Introduction
The aim of this report is to increase my knowledge and understanding of different manufacturing techniques and why certain materials and manufacturing techniques are more appropriate than others for specific applications. By researching three different manufacturing techniques and acknowledging the advantages and disadvantages of said techniques, I will be able to apply my critical thinking skills to decide which of the three choices are most suitable for the application set out in the specification. I will also research different materials that could be used to produce the component, taking factors such as cost and strength into consideration. The chosen manufacturing technique also has to be applicable for the most suitable material, I will have to take this into consideration when making my decision.






























Requirements for the component

The component described in the specification is the large cog of the rear cassette in a bicycle gearing system. This specific type of gear is defined as a sprocket as it has an outward facing row of teeth that fit into another component, in this case a chain. In most bicycle gearing systems, the rear gearing system consists of a gearing cassette, often machined from one solid block of metal, connected to a singular large cog. This large cog operates as the longest gear and is a stand-alone component. The specification states that the manufacturer wishes the produce ‘a large batch’ of these components.
         The material composition of this component needs to be hard without being too brittle. This part of the gearing system needs to be able to withstand frequent lateral loads at the edges of the cog teeth as a chain will frequently be dragged onto the cogs teeth over the lifetime of the component.

Some of the basic requirements of such a component are as follows;

· Capable of high volume manufacturing
· High strength 
· Relatively low cost
· Repeatable design 
· High tolerance for dimensions 
· Resistance to corrosion 
· Material composition needs to be suitable for manufacturing technique 
· Durability 


My preferred method of manufacturing these bicycle cogs needs to provide the best compromise for these parameters.












What methods are currently being used in this industry?

In the industry of gear manufacturing there are a wide variety of different gears produced for a vast array of different applications. From gears that measure a few millimetres in diameter for use in horology, to gears used in transmissions in the automotive industry, the requirements of such components can vary drastically. There are many possibilities for manufacturing techniques that can produce gears and sprockets. In the bicycle industry, according to my research- ‘The sprocket is normally made of alloy steel and is tempered and case hardened at the tooth area in order to enhance the wear resistance of the material.’ (Bright Hub Engineering, 2010)
According to an engineering journal that I read- ‘There are several methods that could be used to manufacture sprocket. The methods include milling, hobbing, powder metallurgy, sintering, and steel casting.’
(Ebhota Williams S, 2014). These methods of sprocket manufacture seem to be the most prevalent in the industry. For bicycle sprockets in particular, pressed steel and machined steel components appear to be the most widely used according to my research. Gears produced using powder metallurgy seem to be more prevalent in the automotive industry, however I did decide to research further into this particular method as a point of interest. In my research, I found that many sprockets and other types of gears are also produced using injection moulded polymers, this particular method would not be suitable for a bicycle sprocket however, as the steel chain would quickly damage such a component.


















Advantages and Disadvantages of Different Manufacturing Processes 
I have researched 3 different manufacturing processes in order to determine which of the three would be the most appropriate to use in order to produce a large batch of the specified component. 

Hobbing

The first manufacturing process that I am going to discuss is ‘hobbing’. I came across this particular process multiple times in articles discussing a variety of different applications of gear manufacturing. Hobbing is a specific type of milling that uses a cutting tool known as a ‘hob’, this is a cylindrically shaped cutting tool with rows of helical cutting teeth. In the milling process a multiple toothed rotating cutter removes material from the metal. The cutter as well as the metal itself can be moved in a range of directions allowing a variety of different cuts to be made, this allows milling to be a process that is easily set up to produce bicycle sprockets. A milling machine with a hob cutter can effectively remove material from the edge of the component in order to leave outer facing teeth as required on the sprocket. Milling is a flexible process as a variety of different components can be made using different types of cutter. Many different types of gears can be machined out of different types of material using a milling process. All but the hardest metals can be cut using milling, diamond or carbide cutting tips are required to cut the hardest metals, this increases equipment costs. I found the following information about hobbing in an engineering journal- ‘a hobbing machine is a cheap yet accurate method of production of a wide range of products including worm gears, ratchets, involute gears, and helical gears. In most cases, the manufacturing process to be used greatly lies on the facility available. Though, hobbing remains one the best methods that could be used,’ (Ebhota Williams S, 2014). This suggests that milling, and hobbing in particular, is a manufacturing process that is worth considering for many gear manufacturers. According to a blog on a mechanical engineering website that I found, some of the key advantages of the hobbing process are- ‘Gear hobbing is a fast and continuous process so it is realized as an economical process’  (mechanicalengg.net, 2018). This same source also suggested that hobbing is suitable for a wide variety of batch sizes, this is a useful characteristic to bear in mind considering the exact batch size of the component I am considering is unknown. Hobbing machines vary in scale and complexity according to the needs of the user, they can also be purchased in manually controlled or computer controlled form. Researching deeper into the industry of hobbing, I found an interesting article from a copy of an engineering magazine that specifies in the industry of gear manufacturing. The article explained how the advent of ‘dry hobbing’ using solid carbide hobs propelled hobbing into being one of the most efficient methods of gear manufacture. The article explains some of the main advantages of this method of milling gears- ‘The primary savings gained from dry hobbing results from high cutting speeds, which make the machining process much more economical than the traditional method of steel hobbing’. (Gear Technology , 1998) Some other advantages of this method of hobbing mentioned in this article include the ability to eliminate the use of coolants, reducing costs and environmental impact. A disadvantage of this method suggested by the same article was that the wear of the coating on a carbide hob needs to be closely monitored, when this coating wears off- ‘The abrasive wear on the substrate material is severe’. This is a particularly undesirable trait as this will increase the risk of producing ruined batches of components along with adding to the labour intensity, and therefore cost, of this manufacturing technique. 
Below are images of a Liebherr automated hobbing machine;
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(Liebherr, n.d.)















Sand Casting

Sand casting is the second manufacturing technique that I researched. This method involves pouring molten metal into a hardened sand mould, removing the component when the metal cools. A wide range of metals can be used in this process as the sand mould can withstand very high temperatures. According to an article from a company that designs moulding patterns for its customers- ‘Because of its flexibility, heat resistance, and relatively low cost, sand casting is the most widely used casting process.’ (Reliance Foundary , n.d.). An advantage of this particular process is its relatively low setup cost. The tooling costs of this process are low, however the labour intensity is high. Below is a table summarising some of the advantages and limitations of this process according to my research;

	Advantages:
	Can produce very large parts

Can form complex shapes

Many material options

Low tooling and equipment cost

Scrap can be recycled

Short lead time possible

	 Limitations:
	Poor comparative material strength

High porosity possible

Poor surface finish and tolerance

Secondary machining often required

Low production rate

High labour cost

Small mistakes in sand mouldings can cause large batches of defective components 

Sand moulds need to be remade after use
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(Kiebort Quality Products, INC, 2016 )


Looking at some of these characteristics it seems as though the limitations of this particular process outweigh the advantages for the component I am considering. The bicycle cog is not a large or complex part, and low production rates are a particularly undesirable trait as a large batch is being produced. If secondary machining might possibly be required, in my perspective sticking to a machining process from the beginning such as hobbing would most likely be more efficient for the needs of this component. 
















Sintering

Sintering is a manufacturing process that is used to produce gears using powdered metals. A compact of powdered metal is heated in a furnace at high temperature, but below the melting point of the material, in order to impart strength and create a solid part. A tempering treatment can also be carried out to harden the material. A recent issue of a technology magazine focussing on gear manufacturing summarised the reason why many manufacturers use powder metallurgy to produce gears- ‘It saves valuable raw materials through recycling and the elimination of costly secondary-machining. PM competes with wrought steel gears as the technology continues to advance.’ (Gear Technology, 2017 ) In the current climate of manufacturing in this country, the use of manufacturing processes that reduce wastage will be encouraged as we seek to reduce our environmental impact. The elimination of the need for secondary machining is also a big advantage over sand casting. There are other significant advantages in producing gears from powdered metal however, an article from a website for a company that specifies in sintering, carried out a comparison between a wrought steel and surface densified powder metal pinion. The main advantages mentioned were- ‘Surface densified PM gears have a much better surface finish than broached or hobbed solid steel gears. (Salvator, Parameswaran, Scott, & Dennert). The study also compared fatigue and pitting in a hobbed steel gear and surface densified powdered metal gear and gained similar results. This particular source has some limitations however as the study related to use in automotive automatic gearbox components. The comparison was also carried out by a company that produces these components so has the potential to be biased. I found some particularly unfavourable characteristics regarding PM gears in the following article written by the president of an American engineering and technologies company- ‘P/M gears have certain limitations regarding strength and size. One such limitation, compared to wrought steel gears, is that gear teeth have approximately 50% lower impact resistance and 33% lower contact fatigue strength due to porosity.’ (Sanderow, 2000) This is a particularly concerning limitation as a large bicycle sprocket has longer and thinner outward facing teeth than those used in automatic transmissions. Such a decrease in material strength for powder metal might make sintering an unviable manufacturing process.          

[image: ]   (Amos Industries, INC)
Material Properties

I have used CES EduPack software to compile some tables of information about the properties of some materials that I am considering.

Aluminium 

General properties
Density		2.5e3	-	2.9e3	kg/m^3
Price	*	1.49	-	1.63	GBP/kg
Mechanical properties
Young's modulus		68	-	82	GPa
Yield strength (elastic limit)		30	-	500	MPa
Tensile strength		58	-	550	MPa
Elongation		1	-	44	% strain
Hardness - Vickers		12	-	151	HV
Fatigue strength at 10^7 cycles		21.6	-	157	MPa
Fracture toughness		22	-	35	MPa.m^0.5


Low Alloy Steel

General properties
Density		7.8e3	-	7.9e3	kg/m^3
Price	*	0.378	-	0.416	GBP/kg
Mechanical properties
Young's modulus		205	-	217	GPa
Yield strength (elastic limit)		400	-	1.5e3	MPa
Tensile strength		550	-	1.76e3	MPa
Elongation		3	-	38	% strain
Hardness - Vickers		140	-	693	HV
Fatigue strength at 10^7 cycles	*	248	-	700	MPa
Fracture toughness		14	-	200	MPa.m^0.5

Low Carbon Steel (Mild Steel)

General properties
Density		7.8e3	-	7.9e3	kg/m^3
Price	*	0.353	-	0.384	GBP/kg
Mechanical properties
Young's modulus		200	-	215	GPa
Yield strength (elastic limit)		250	-	395	MPa
Tensile strength		345	-	580	MPa
Elongation		26	-	47	% strain
Hardness - Vickers		108	-	173	HV
Fatigue strength at 10^7 cycles	*	203	-	293	MPa
Fracture toughness	*	41	-	82	MPa.m^0.5




Medium Carbon Steel 



General properties
Density		7.8e3	-	7.9e3	kg/m^3
Price	*	0.353	-	0.39	GBP/kg
Mechanical properties
Young's modulus		200	-	216	GPa
Yield strength (elastic limit)		305	-	900	MPa
Tensile strength		410	-	1.2e3	MPa
Elongation		4	-	39	% strain
Hardness - Vickers		120	-	565	HV
Fatigue strength at 10^7 cycles	*	229	-	600	MPa
Fracture toughness	*	12	-	92	MPa.m^0.5



Conclusion 

Weighing up the advantages and limitations of the different manufacturing processes, I have come to the conclusion that hobbing is the best compromise in order to produce a large bicycle sprocket. In my opinion, sand casting would not produce a high enough quality component and despite some of the intriguing characteristic of gears produced using the sintering process, I believe that this would be too complex of a process to justify for producing a simple bicycle sprocket. Hobbing would allow the manufacture of the sprocket from a good quality metal, with a great level of flexibility in regard to budget and space.
The above tables of information allow me to make direct comparisons between the materials I am considering regarding those available to use in the process of hobbing. My preferred material would be low alloy steel. This material offers the best compromise in tensile strength and fracture toughness for the price. Although slightly more expensive than the other types of steel in this comparison, I believe that this would be worth the increase in cost for a better-quality component. The much lower density of aluminium would offer a useful weight advantage over a steel component, however, the lack of strength and higher cost of this material encourages me to stick to a high-quality steel component. As most bicycle chains are steel anyway, a gear made of a softer and less fatigue resistant metal would be prone to failure.
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