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Materials and Introduction to Manufacturing.
Introduction
This report is based on the research and analysis of the materials and manufacturing processes used in the production of bicycle components. The components discussed are the sprockets and cassette assembly of the rear gearing system 
Literature review 
Sprocket
The term ‘sprocket’ was originally applied to the projection from the wheel that holds on the chain and provides the drive to it. Within time and the common use of the devices, generally the wheel became known as the sprocket.
We could discover from a gear that sprockets are never meshed together directly and dissimilar from a pulley in that sprockets have teeth and pulleys are smooth
[bookmark: _GoBack]Sprockets can be used most commonly found in the bicycle, the pedal shaft carries a large sprocket-wheel which drives a chain and in return it drives a small sprocket on the axle of the rear wheel. They have various kinds of designs; the maximum of efficiency could be claimed for each one by its originator. Some of the sprockets that are used with timing belts have flanges to keep them centred. Chains and sprockets used for power transmission from one shaft to another where spillage is not admissible. 
There are four types of sprockets: 
· Hub on one side. 
· Hub on two side.
· Detachable hub.
· Plain plate sprocket.
Materials for sprockets
There are various materials available in the sprockets. Such as 
Steel sprockets -
Cast iron sprockets - They are mainly used in a large gear ratios and heavy operating conditions. Although raw iron is never used and most of the manufactures don’t reveal the materials specification for public. In other case they provide sprockets with high performance and life.
Steel alloys – they are mainly used if the depending if the load load is going to be medium and heavy.
Stainless steel – both steel and Stainless steel have the same common factors when it comes to material decision on sprockets. They also depend on the load whether its heavy or medium as well.
Processes 
Joining processes with metal
Fabrication involving joining of joining materials enables a large of structures to be assembled, much larger that could be obtained by other methods such as forging or casting.
The main processes are adhesive bonding, welding, fastening systems, and soldering. The factors that determine the joining processes are the shapes of the components being joined, the materials being used for the product, whether it is a temporary or permanent joint is required, limitations imposed by the cost and environment 
The main joining processes
· Adhesive bonding
· Soldering and brazing
· Welding
· Fastening systems
Welding 
Friction welding 
Involves sliding one material surface under pressure over the other. The friction breaks up the surface films and softens the surfaces by the rise in temperature produces by the friction between the two sheets of materials.
Welds in steel
With low carbon steel the temperature rises to above gain growth occurs, the closer to the weld pool the much larger the gain size is produced. Just above thetemperature the cooling might result in the metal becoming normalized.
When it comes to material processes many vital questions need to be posed before a decision is made. 
1. What type of material are we going to us? 
The material to be used affects the choice of processing method. For example, if casting is to be used and the material has a high melting point, sand casting or investing casting would be considered as the best options.
2. Shape of the product.
The shape of the product would a vital factor in determine what type of processes can be used.
3. Type of detail 
Is the product to have hollow sections, threads, holes, fine details etc?
4. What Dimensional accuracy and tolerances required for the product?
Which processes would be suitable for the products high accuracy.
5. Any finishing processes to be used?
Will the process used to give the product its final finished state or will there be any other extra finishing process?
6. What Types of quantities are involved?
Will the product be a one-off, large batch, small batch or a continuous production? Some processes are economic for small quantities, while others don’t not become economic to the point in time large quantities are involved. (Bolton, 1993)
Shaping processes with metals
Casting 
The casting of liquid metal into a shaped mould is effective and convenient way to making many components as it directly offers a way from the liquid to the final shape of the required component. The shape or the size of the component required may be such that the casting process is the only way suitable method able to be used even though the crystal structure. 
There are various forming processes that can be divided broadly into four categories: 
1. Casting- The shaping of a material by pouring liquid material into a mould.
2. Powder techniques – Producing a shape by compacting the powder.
3. Manipulative process – shaping the material by plastic deformation.
4. Cutting and grinding – this is by producing the shape by metal removal.
By choosing any of the forming processes would be majorly depend of factors which would consider:
1. The size of the items, either overall size and the section thickness.
2. The dimensional accuracy required.
3. Quantity of the items required.
4. The surface finished required.
5. The cost for each casting.
Sand casting
This process involves the making of a mould using a mixture of sand and clay for the existing moulding material. This would be packed around a pattern of casting, hard wood and larger than the required casting to allow the material shrinkage. The mould is made up of two or more parts so that the pattern could be extruded after the sand has been packed around it. Sand casting is arguably the cheapest process for small number of production and reasonably priced process for a large number of production. The dimensional accuracy, surface finish and the measurements accuracy of the casting are limited.
Lack of attention to design or bad practice in either melting of the material or moulding can lead to imperfection within a casting. Bad melting practises may give a liquid metal containing slag inclusions, it is possible that loose sand might be washed away from the surface of a poor prepared mould to form the sand inclusions within the casting.
There could be disadvantages but sand casting is suitable to produce castings with any metal and of almost any size from a few grammes to several hundred tonnes. (John, Introducing to Engineering Materials, 2003)
ADVANTAGES AND DISADVANTAGES OF SAND CASTING PROCESS
Advantages 
1. Low tooling cost.
2. Versatile in terms of size, weight and shape.
3. Any amount of quantity.
4. It may be quicker than some other processes like investment casting.
Disadvantages 
1. It tends to deliver a rougher surface finish than the other casting processes.
2. The sand mould can be used once.
3. It has a slow production rate.
4. It has a labour intensive.
Investment casting. 
Investing casting is a process that can be used for metals that have to withstand a very high temperature and so they have a high melting points which leads to a very high dimensional accuracy is required. this process is not restricted to high melting point metals, but they can also be used with low melting point metals. It is the only casting method that can be use for the high melting point metals.  Modern investment casting uses metal moulds to produce wax patterns, the wax patterns are coated with a ceramic paste. When the coated waxed pattern is heated the ceramic hardens and the wax melts to give a ceramic mould. The liquid metals are injected into the ceramic mould by pressure and centrifugal process. After the mould has cooled off, the ceramic is broken away to release the casting. 
The size of castings that are able being produced this way are limited and it is an expensive process for a substantial number production. However, it is relatively cheap for small number production, where high dimensional accuracy and good surface finish is required. It may also be suitable for complex casting. (John, Introducing to Engineering Materials, 2003)
Advantages and Disadvantages.
Advantages 
1. A vey smooth surface is obtained with no parting line.
2. The dimensions are accurate.
3. Certain unmachinable parts can be casted to pre-planned shapes.
4. It can be used to replace die casting where the short runs are involved. 
Disadvantages
1. This process is expensive and its is usually limited to small casting and presents difficulties where the coses are involved.
2. Investment casting requires a long production-cycle times than the other casting methods. 
3. It us infeasible for high-volume manufacturing because of its high v=costy and long cycle times
Deformation processing 
Forging 
With deformation processing it can be either hot, warm or cold. Cold, that is relatively to the melting point  of the material being processes. Hot forging and hot rolling () have much in common with moulding although the material is a true solid not a viscous liquid. The high temperature lowers the yield strength and allows continuous recrystallisation with both decreasing the forming pressures. Warm working , it allows recovery but not recrystallisation.
In forging, a slug is of metal is shaped in between two dies held in the jaws of a press. Forged parts are designed to avoid sudden changes in thickness and sharp radius of curve since both require large local strains that could cause the material to tear or fold back on itself. Hot forging of metals allows larger changes of metals but gives a poor surface and tolerance because of oxidation.  Cold forging gives a greater precision and finish, but forging pressures are higher, and the deformations are limited by hardening. (Ashby, Materials Selection in Mechancial Design, 2017)
Advantages and disadvantages of forging process
Advantages 
1. Parts produced by the forging process are stronger than the casted parts or parts that are made in a machine. During the process, the internal grain of the pat changes its form, and continuous forging for a few minutes it strengthens the part’s characteristics.
2. Forged parts can be easily welded. 
3. Because of intense working, the flaws are rarely found leading to having good reliability.
4. The reasonable degree of accuracy may be obtained in this process.
Disadvantages
1. Producing forged parts mostly involves a lot of expenditure for dies, tools, the machinery and personnel.
2. Hot forging prevents work hardening and increases the difficulty of performing other machinery operations on the part.
3. The maintenance cost of forging process dies is very high.
4. It is limited to simple shapes and has limitations for the parts having undercuts 
Surface Treatment
Heat treatment
Surface treatment involves treatments applied to the surface of the component or the assembly. Some aim to improve the surface properties, while some to enhance appearance.
Heat treatment is a necessary part of processing of many materials. Age-hardening alloys of aluminium, nickel and titanium obtain their strength from a precipitate produced by a controlled heat treatment. The hardness and toughness of steels could also be controlled in an equivalent way by quenching from the austenitizing temperature of about  and tempering. The treatment can be applied to the entire component, in bulk carburizing or just to the surface layer. 
 
Carburizing and carbonitriding
In carburizing, additional carbon is diffused into the surface of a low-carbon steel to give high carbon surface a layer. The layer transforms to a brittle, hard, martensite which subsequently be tempered to acquire the required balance of the toughness and hardening. There are three categories of carburizing equipment, which all require temperatures of about .
The first uses a powder pack that releases carbon monoxide (CO), with this it leads to decomposing on the surface of the steel to give atomic carbon and CO2. The second uses a fused salt bath containing sodium cyanide, chloride, barium, and accelerators. It is very adaptable and has a low capital cost. The last stage uses gas methane, butane or pentane and as the source of carbon in a special wrap furnace that allows the gas to flow not under the control around the parts to be carburized and it lends itself to large quantity production
Carbon nitriding is a variant of gas carburizing in which ammonia is added to the carburizing gas. Nitrogen which is released from the ammonia and carbon from the carburizing gas diffusing into the component at the same time, unexpectedly the nitrides increase the surface carbon content. It requires a lower temperature and shorter time than plain carburizing. This process produces a thinner layer but one that retains its hardness to a higher temperature.
Both processes give the product a hard, wear resistant surfaces on a tough, ductile core. Carburizing can cause more distortion and it is slower making it more expensive. (Ashby, Materials selection in Mechanical Engineering, 2017)
Methodology 
Discussion and results
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Conclusion
In conclusion, a wide range of shaping, joining and finishing processes are available to the design engineer. Each of the following processes has a certain characteristic, which, taken together, suit it to the processing of various materials in certain shapes, but disqualifying it from others. For example, this process is like culinary tools needed to cook up materials with the flavours you want.  The process parameters are those familiar in the kitchen, with composition, deformation, temperature and time.
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