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[bookmark: _Toc507505370]Introduction
[bookmark: _Toc507505371]Aim:
 The aim of this report is to research the different processes for producing a large cog. By studying the advantages and disadvantages of varied materials and processes, I will conclude which process and material is best for producing cogs efficiently and accurately to a good standard.
[bookmark: _Toc507505372]Function:
 To propel a bicycle forward pedals are pushed by kinetic energy in a circular motion. This spins the chainring connected to the pedal, which spins the rear desired cog on the cassette using a linked chain. The rear cogs are attached to the hub on one side of the rear wheel. Derailleurs are used to shift the chain from one cog to another, changing the gear ratio to better suit the needs of the rider, getting the best performance out of the bicycle.
[bookmark: _Toc507505373]Properties:
 The cassette should feature key performance features such as; its ability to shift the chain quickly and precisely under a pressure load. To do this the cog must have unique teeth profiles and ramps to help the chain shift to the desired cog, then hang on for an instant to reach the desired cog without slipping. The most important property the rear cog should have is hardness. For uniform materials such as cogs the hardness directly affects durability, so the harder the material the longer you can use it before replacing it.
[image: ]














Fig.1 

[bookmark: _Toc507505374]Methodology

[bookmark: _Toc507505375]Material Properties
[bookmark: _Toc507505376]i). Low Alloy Steel (Fe) :
To make this material carbon is added to pure iron and heat treated. Heat treating is a process where the temperature of the steel is increased to around 800 C to dissolve the carbon. This is then rapidly cooled by cold water, reheated and held at a lower temperature otherwise known as tempering. Rapidly cooling the material is known as quenching, this turns the material hard and brittle. The toughness is slowly restored by tempering the material. Varied tempering time and temperatures determine the material properties. The cooling rate must be very high. The interior cools at a slower rate due to the heat having to conduct outwards, this can cause defects in the material. Alloying is used to overcome this problem. Alloys such as chromium (Cr), Vanadium (V) and molybdenum (mo) are used to retain toughness and ductility, while gaining strength and lowering the cooling rate.

General Properties
Density		7.8e3	-	7.9e3	kg/m^3
Price	*	0.351	-	0.389	GBP/kg

Mechanical Properties
Young's modulus		205	-	217	GPa
Shear modulus		77	-	85	GPa
Yield strength (elastic limit)		400	-	1.5e3	MPa
Tensile strength		550	-	1.76e3	MPa
Compressive strength		400	-	1.5e3	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

Thermal Properties
Melting point		1.38e3	-	1.53e3	°C
Thermal conductor or insulator?	Good conductor
Thermal conductivity		34	-	55	W/m.°C
Specific heat capacity		410	-	530	J/kg.°C
Thermal expansion coefficient		                               10.5          -	  13.5	     µstrain/°C   
                                                                                                             (Firgured sourced from CES EduPack)
[image: ]Phase Diagram:






                                                                                                                                 Fig.2 (CES EduPack).
[bookmark: _Toc507505377]ii). Aluminium (Al) :
Most Aluminium alloys used for casting contain between 5-22% Silicon (Si). Because of this the aluminium alloys are more fluid so that finer detail can be acquired when filling the mould. The alloys obtain age-hardening alloys through the addition of Magnesium (Mg) and Copper (Cu). Due tot their good resistance to corrosion in salt water, hardware components and cooking utensils are made up of this alloy.

General Properties
Density		2.5e3	-	2.9e3	kg/m^3
Price	*	1.37	-	1.51	GBP/kg
Date first used

Mechanical Properties	
Young's modulus		72	-	89	GPa
Yield strength (elastic limit)		50	-	330	MPa
Tensile strength		65	-	386	MPa
Compressive strength		50	-	330	MPa
Elongation		0.4	-	10	% strain
Hardness - Vickers		60	-	150	HV
Fatigue strength at 10^7 cycles		32	-	157	MPa
Fracture toughness		18	-	35	MPa.m^0.5

Thermal Properties
Melting point		475	-	677	°C
Thermal conductivity		80	-	160	W/m.°C
Specific heat capacity		900	-	995	J/kg.°C
Thermal expansion coefficient		16.5	-	24	µstrain/°C
                                                                                                           (Figures sourced from CES EduPack)
Phase Diagram:
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                                                                                                         Fig.3 (CES EduPack)


[bookmark: _Toc507505378]Investment Casting
[bookmark: _Toc507505379]i). Process: 
Creating the part: patterns with the same dimensions as the product, allowing for thermal contraction, are made from wax using a metal injection die. This can also be made of a polymer. Once pattern is complete it is assembled with other wax components to form a wax gating system. 
Creating the mould shell: The wax assembly is lowered into a ceramic slurry, covered with sand and allowed to dry. The wax pattern is lowered and covered over and over until the desired thickness is obtained. This thickness is determined by the size of the product.
Wax removal: Once the ceramic shell has dried and become strong enough to retain the molten metal, the entire wax pattern is placed in a steam autoclave. melting away most of the undesired wax. The remaining unwanted wax that soaked into the shell, is removed by increasing the temperature and burning it out. This leaves the cavity in the desired shape and gives the ceramic material more strength and stability, helping minimize the shells reaction during the pouring of the metal.
Melt and cast: once the mould is heated to a specific temperature, molten metal is poured in creating the metal casting. This process can be used for any alloy. Vacuum melting or Air melting is used depending on the alloy chemistry.
Final operation: The mould shell is broken away from the casting in a knockout operation, once the metal has solidified. If necessary Machining, grinding and sandblasting is performed to dimensionally finish the product.
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Fig.4 (Library of Manufacturing)




[bookmark: _Toc507505380]High Pressure Die Casting
[bookmark: _Toc507505381]i). Hot Chamber Process:
[image: ] A high-Pressure Die Casting a system, the machine is horizontally aligned. One half of the die is attached to a movable machine plate and the other half is attached to a fixed one. Molten metal is submerged in a gooseneck chamber whilst being held in a furnace. Metal is forced into the cavity through the gooseneck after each cycle. Bolts with high locking force must be used to hold the two halves together due to a maximum pressure of. 120000 KPa being exerted when pouring. This is done by the Hot Chamber casting machines, This process is used for Zinc-based alloys only due to the prolonged contact between the molten metal and injection system. 






 Fig.5 (Kurtz Ersa Magasine)

[bookmark: _Toc507505382]ii). Cold Chamber Process:
 Cold Chamber die casting machines are used to cast aluminium alloys, due to Aluminium corroding the injection system. The cast is located outside of the metal and fed to into a shot chamber where the metal is driven into the die by a piston. Once the pressure in maintained and the metal has solidified, the casting is automatically ejected from the die using ejector pins.
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 Fig.6 (Kurtz Ersa Magasine)

	Advantages
	Disadvantages

	Short cycles
	High investment and operating cost

	Produce product at a high rate
	Lower strength values

	Low tolerance
	Limited use of materials

	Produce thin walled components 
	Complicated expensive dies


Table. 1
[bookmark: _Toc507505383]Low Pressure Die Casting
[bookmark: _Toc507505384]i). Process:
The two halves of the die are placed vertically above a holding furnace and attached to a fixed and moving machine plate. Below molten metal is held in the holding furnace. A maximum pressure of 100 KPa pushes molten metal upwards, against gravity, through an intake port and into the die cavity. Permanent moulds are usually used but sand moulds can be used. Once the cavity is filled pressure is maintained while the metal cools allowing additional molten metal to flow inward to correct any volume deficits during the cooling period such as shrinkage cavities. Ensuring a solidification that is as uniform as possible. Due to this low Pressure, castings have better “metallurgical integrity” than conventional die castings.
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           Fig.6 (CES EduPack)

	Advantages
	Disadvantages

	High material utilisation
	Slower casting cycles


	Complex geometry’s possible using sand cores
	Minimum wall thickness aprox. 3mm

	Less complicated machine and die technology
	

	Very good strength values
	


Table. 2

[bookmark: _Toc507505385]Discussion
[bookmark: _Toc507505386]Material 
From graph.1, we can see the relationship between hardness of a material and the cost. This shows low alloy steel to be much harder than Aluminium and at a cheaper price.
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Graph.1 (CES EduPack)

Knowing low Alloy steel is cheaper Graph.2 shows it has a higher compressive strength at around 1000MPa compared with cast aluminium at a much lower fracture toughness and compressive strength.
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Graph. 2 (CES EduPack)
[bookmark: _Toc507505387] Process
	
	High Pressure Die Casting
	Low Pressure Die Casting
	Investment Casting

	Tooling/Pattern Cost (GBP)
	5,320 – 76,900
	 5,150 – 15,400
	51.5 - 515

	Range of Wall Thickness (mm)
	1 – 8  
	3 - 10
	1 - 75

	Flexibility of design (mm)
	Relatively high
	Relatively high
	high

	Dimension Tolerance (mm)
	0.15 – 0.5  
	 0.4 – 0.8
	0.05 – 0.25

	Possible surface roughness (um)
	0.8 – 1.6  
	 1.6 – 6.3
	0.5 – 3.2

	Mass range (KG)
	0.05 – 15  
	5 - 25
	0.01 - 20

	Tooling life
	2e4 – 100e4
	3e4 – 10e4
	1 - 5

	Production Rate (hr)
	20 - 600
	 3 - 15
	1 – 200


Table.3 (CES EduPack)
 High Pressure Die Casting can produce products of high dimensional accuracy at a high rate. It has the highest production rate of all 3 processes (see Table.3). Along with a high production rate it has a low tolerance and possible surface roughness making it’s a precisely engineered machine. Heat resistant steel Dies are precision machined and include many movable parts. Due to this precise engineering, the cost of the machine is very high. Meaning manufacturers must commit to making substantial amounts of a certain product to make their money back. 
There are cheaper processes of Die casting, Low Pressure Die casting is one of them. Low Pressure dies are Comparatively cheap and easy to machine. Complex geometry can be obtained using low pressure casting and due to this low pressure, they have greater metallurgical integrity making products with high strength values. A rear cog with need a high strength value to support the forces acting on it when the bike is in motion. That being said, the range of wall thickness for the end product is limited and the production rate is very slow. 
Investment Casting is the cheapest of the 3 processes. Its minimum dimension tolerance is 0.05mm and its minimum possible surface roughness 0.5mm. Making it the most accurate and highest quality finish of the 3. Its production rate is not slow though it is lower than the rate of pressure die casting. that being said, Investment casting is not limited to certain alloys. Due to the nature in which the product is processed, almost any alloy can be casted. The tooling life of investment casting is very low because a new mould must be made every cycle, but in comparison to the cost of die machinery its still cheaper as the wax can be re-used.




[bookmark: _Toc507505388]Conclusion
When considering manufacturing the cost of production should be inversely proportional to the quality of the product. That is, the cheaper you can make a high-quality product the better. Investment Casting can produce higher quality products than die casting and at a lower cost. Making it a much more feasible process for producing the cog. 
 A cog needs to have a high resistance to fractures and has to be hard to endure the environment and support the forces acting on it. Low Alloy steel has a greater young’s modulus, Hardness, compressive strength and yield strength and at a cheaper price. For this reason low Alloy steel is a far better material to use to satisfy the properties needed for the high performance durable cog.
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