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Initial Research:

Current method for making cassettes: 
CNC cutting - A block of chromium-molybdenum steel is milled and then cut by a CNC machine. One sprocket takes at most 15 minutes to be milled and machined.

Material requirements:
· Needs to be a strong material to bear continual wear and load.
· Needs to be perfectly round and concentric to keep even tightness on the chain.
· Needs to be perfectly flat so the chain is in line
· Needs to be finished in a strong anti-rust finishing process.
· Needs to be light as possible to reduce the unsprung weight. This is the weight that shifts whenever the bicycle hits a bump. The lower the unsprung weight, the more responsive the suspension will be to changes in the ground surface. Heavy sprockets also have a gyroscopic effect which can negatively affect handling.

Possible construction materials:
Steel is the heaviest choice, but it is also the stiffest and the most durable. Some steel alloys can greatly reduce the weight, but are very expensive for mass production. There are many ways to cast and machine steel.
Titanium is about 40% light than steel, but It wears more easily and is more expensive. Titanium can be difficult to cast because of its potential chemical reactivity with the mould and its unusual flow in molten form.
Aluminium also wears rapidly. In its raw form it is lighter than titanium but much weaker. It is prone to denting, fatigue and corrosion. Heat treated 7075-T6 aluminium is the ubiquitous choice, which is then hard anodised for more durability. This aluminium is quite simple to melt and cast.
Carbon Fibre is very brittle, so it’s mixed with resin to create a composites of various strength and stiffness. These are then layered together to fit the compliance needs of that part. Carbon Fibre is prone to fail under stress, so it requires the most maintenance. It is also expensive.


3 processing techniques (advantages/disadvantages):

Whether to cast or machine:
When creating a complex shape, especially one with internal facets and passages, casting is often the more efficient option. Machining can only work in one plane at a time, and will need multiple fixtures and jigs to change planes.
However, casting never has the precision of machining, in regards to dimensional tolerances. Neither does it provide the same consistent, smooth finish. Some foundries will cast first and then machine the piece so as to get the best result.
In our case, we are manufacturing a single large bicycle sprocket. It is a flat simple shape, designed to be reliable and hard-wearing. There is little room for error in its measurements, as a small anomaly in its dimensions will quickly wear down into a mechanical failure.
Knowing this, I believe machining is our best option.
We are producing a single large batch of these sprockets, so we will have to take that into account when considering the cost of producing a cast or machining setup.
1- Fine Blanking:
Modern blanking is a kind of machining process, where pieces are punched out of a sheet of metal by a blanking punch. The component is then stamped out of the sheet, and is ready for finishing. By using high pressure to compress the part, this process holds tight tolerances. Fine Blanking is a cost-effective way to produce perfectly flat sprockets, and a blanking machine is cheap to setup for a small order.
2- Hobbing and grinding:
Hobbing is one of the fundamental processes of gear manufacturing. A gear blank is fed into a hob which rotates, cutting the gear teeth into the desired shape. It is also used for producing sprockets, which are effectively very narrow gears. It is very cost-effective for the mass production of complex gears, but not for one-off jobs.
Grinding is a simple process, where a spinning disc is used to grind the teeth for more exact measurements. It is used to increase the precision of a hobbed gear before it is finished and hardened, but this process increases the overall cost.
3- Powder metallurgy and Hot Isostatic Pressing:
Powder metallurgy is an uncommon alternative to conventional casting and machining. PM HIP is process where powder, lubricant and alloying elements are mixed, compacted, sintered and then densified in a high pressure furnace (100-200 MPa, 900-1250°C). The Hot Isostatic Press eliminates porosity and creates very strong bonding throughout the component. 
This process is typically used for high-end automotive sprockets, as well as aerospace parts. Automotive components have strict emission and durability requirements, which bicycle parts do not need to meet. The powder and HIP process are expensive and typically only suitable for a small production run of specialised parts.

Selecting a suitable material and process:

I have selected Hobbing/Grinding and low-alloy steel. Here I will show you some results from CES alongside some explanations as to why I chose this material and process…

Milling
Description
The process
In MILLING metal is removed by a rotating multiple-tooth cutter; each tooth removes a small amount of metal with each revolution of the spindle. Because both workpiece and cutter can be moved in more than one direction at the same time, surfaces having almost any orientation can be machined.
Physical attributes
Mass range		0.001	-	1e3	kg
Range of section thickness		0.2	-	500	mm
Tolerance		0.02	-	0.5	mm
Roughness		1	-	25	µm
Surface roughness (A=v. smooth)	B
Range of section thicknesses		0.2	-	500	mm
Process characteristics
Machining processes	True
Discrete	True
Prototyping	True
Economic attributes
Relative tooling cost	low
Relative equipment cost	high
Labor intensity	medium
Economic batch size (units)		1	-	1e7	
Supporting information
Design guidelines
All polymers and all but the hardest metals can be machined by milling. Ceramics and glasses can be drilled and cut, but require diamond or carbide-tipped tools. Very intricate shapes, high precision and finish are possible, but at a cost. 
Typical uses
The profiling of metals with hardness below Rockwell 45 Rc, and some plastics and ceramics.
The economics
Any production quantity is economic. Equipment varies from manual millers for small quantities to multiple-spindle numerically controlled systems for very high production levels.

Hobbing is a kind of milling process specialised for gears. So we look at the entry for milling. 
First we can see, under economic attributes, that although the equipment cost is high, labour and tooling costs are not. It also says that batch sizes of any number are economically viable. Since we do not know how many sprockets we will need to make, this is ideal. Purchasing a Hobbing machine would certainly be too expensive, but outsourcing the process would be quite affordable.
[bookmark: _GoBack]Next we can see, under physical attributes, that the process is suitable for the shape we desire to create. However, the tolerance levels may exceed our requirement for a high-end bicycle cassette. That is why we have a second process, ‘Grinding’.


Grinding
General
The process
GRINDING includes a group of processes that are used to shape materials that are too hard to be machined by conventional methods, and to improve precision and surface finish. The workpiece is held by a mechanical or magnetic grip that can be tracked or rotated beneath the grinding wheel (if small) or held stationary beneath the moving wheel (if large) while unwanted material is removed using an abrasive grinding wheel.  Grinding works best on hard surfaces; soft metals smear and contaminate ("glaze") the wheel.  Grinding processes are expensive and should be used only when absolutely necessary.
Physical attributes
Mass range		0.002	-	1e4	kg
Range of section thickness		1	-	999	mm
Tolerance		0.0127	-	0.5	mm
Roughness		0.2	-	1.6	µm
Process characteristics
Primary shaping processes	False
Secondary shaping processes	True
Machining processes	True
Discrete	True
Economic attributes
Economic batch size (units)		10	-	1e6	
Relative equipment cost	high
Relative tooling cost	low
Labor intensity	medium
Supporting information
Design guidelines
Grinding is usually applied to conical, cylindrical, flat or spherical surfaces, but the parabolic or elliptical surfaces (like that of an automobile cam-shaft) can also be ground. Where extreme precision is essential, as in accurate optical systems or in precision machine components, then mechanical grinding and polishing are the only choice.
Typical uses
Machinery and structural parts such as pistons, pins, gears, shafts, rivets, valves, pistons, pins, gears, shafts, rivets, valves and pipe fittings, lenses and mirrors for precision optical equipment (ground and polished to a precision of better than 0.1 micron).
The economics
The equipment and tooling cost for manual grinding are low (capital cost, $100 - $1000; tooling cost $10 - $200) but the production rate is low. Those for automated grinding are greater (capital cost $20,000 - $1,000,000, tooling $1000 - $10,000) but with a higher production rate.  Grinding is slow and therefore expensive; over-specification should be avoided.

Here we can see that grinding is a secondary shaping process, used in this case to improve precision and finish. Notice, under physical attributes, that the tolerance and roughness levels are lower than that of milling/hobbing.
Economically, grinding drastically increases the cost of the overall machining process. Again, the chief cost is the equipment, which would need to be rented or the job outsourced entirely. For a single batch, manual grinding would likely be more cost efficient. If adequate tolerances can be met by hobbing, and grinding can be avoided, this would be ideal. However, this depends on the needs of our manufacturer/buyer.
You will notice that this process is only effective on hard metals, and we will take this into account in our next stage; selecting a material.


Steel vs Titanium vs Aluminium vs Carbon fibre

I have decided that the most important trait for our material is its resistance to fatigue. Here is a graph comparing our four materials in price and strength (two examples are provided for aluminium, using two popular varieties).
[image: ]
We desire a material that is strong and cheap. Therefore we want the material closest to bottom right corner of the graph. That is 4140 annealed low alloy steel.
This steel is often known as ‘Chromoly’ steel, because it contains Chromium and Molybdenum. It is very strong and hard compared to other steels, but is not suitable for welding. However it is hard enough to be ideal for hobbing and grinding.
Its Hardness is rated from 90-100 on the Rockwell scale. And its yield strength is up to 660 MPa. Also it can be carburised to significantly harden the surface, whilst not affecting the core, which makes it perfect for stress bearing mechanisms like pistons, gears and sprockets.
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Titanium, alpha-beta alloy, Ti-3Al-2.5V (Grade 9)

Aluminum, 7075, wrought, T6

Aluminum, 6061, wrought, T6

Low alloy steel, AISI 4140, annealed

Carbon fiber reinforced carbon matrix composite (Vf:50%)


