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The 2017/18 Mechanical engineering students were given the task to, evaluate and comment upon the current manufacturing processes that produce a bicycle sprocket.  More specifically the largest sprocket contained within a typical bicycle cassette.  The following report will identify three different methods of producing the aforementioned sprocket, analyse these methods and then select an appropriate method and material.  This will be carried out using several software packages and subsequent research that applies to the subject matter.  The process and material selected, should be a viable option for any manufacturer, as in it should be cheap, simple and produce high quality parts. 
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A sprocket is a thin wheel with teeth protruding from the rim that is chain driven.  The first instance of a bicycle, that was chain driven and hence contained a sprocket, was ‘the rover’.  The rover was designed and produced by designer, J.K. Starley in 1885 in Coventry, England.  This later became commonly known as the safety bike, due to the fact that the wheels were able to be made at equal heights.  Thus lowering the height of the previously widespread ‘Penny Farthing’ bicycles.  (Shellenbeck, n.d.)
Currently the manufacturing industry uses a forming and fine blanking process to make sprockets.  This became prevalent in the late nineties, this method was a much more streamlined and cost effective process.  Prior to this point conventional methods were used, such as machining and tooling but this meant that up to nine processes were needed to complete the parts.  The current process completes the parts in two steps, therefore reducing cost and production time.  (Modern Machine Shop, 1999)
This report will examine three suitable processes of manufacturing that will be analysed and judged, then to be selected.
There weren’t any feasible material requirements available from any part manufacturers, therefore certain assumptions will be made further on, that can’t be compared with current manufacturing standards.  It is assumed that these are closely guarded secrets within the industry.
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The majority of parts produced by injection moulding goes to the car industry.  
In injection moulding, the polymers are plasticised outside the mould and then forced into a closed mould using a ramming mechanism.  Typically, thermoplastics are used as higher outputs can be met with this combination.  An injection moulding machine consists of an injection end and a clamping end.  The polymer is stored and input into the injection end, close to the ram.  The injection moulding machine used in 99% of the industry uses a reciprocating screw as the ramming mechanism, which has replaced the traditional ram.  At the clamping end, hydraulic and mechanical clamps can be used and are equally popular.
When considering injection moulding, it is prudent to include the shear stress equation.  
τ=F/A
Shear stress equals Force over area.  This equation will give an idea of the strength of the material produced by this process.  (Kutz, 2011)
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Sand casting is the most widely used form of casting due to the fact that sand moulds can be recycled, is inexpensive and can withstand extremely high temperatures.  Almost any metal alloy can be used in sand casting, also it can produce parts from a few grams to many tonnes.  The process involves creating a mould out of sand and pouring molten metal into the mould, the sand is removed once the metal has cooled.  The mould is made using a pattern, a model of the final cast.
Typically, in a manufacturing environment, the moulds are made using a cold setting process.  This involves adding synthetic resins to the sand that bond at room temperature, hence the name cold setting.  This produces high production value and dimensional accuracy.  The pattern used for high production is usually the cope and drag pattern.  The upper part of the mould is the cope and the lower the drag.  These are split via a parting line.  (The Library of Manufacturing , n.d.)
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Blanking is a manufacturing process that involves the punching or shearing of parts from sheet metal.  The main parts involved are a die and press.  This form of processing involves using a sheet of metal with uniform thickness to punch the parts out of, but a drawing stage can be added to the process later for differing thicknesses.  The punch pushes the workpiece through the die thus creating the part.  When evaluating this process, the blanking force should be considered.  F   d t 
Blanking force = pi x diameter x thickness x shear resistance.  (Kim, 2014)
See Appendix 1 for further illustration.
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Advantages
· Large manufacturing capacity
· Little waste produced
· Almost limitless possibility of colours and materials that can be used
· Low labour costs
· Waste is recyclable
Disadvantages
· High capital cost of machinery
· Tight schedule i.e. designs need to be finalised before production
· There are some limitations to designs that are possible
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Advantages
· Almost any alloy can be used
· Low cost of tools
· Almost any size, weight or shape can be produced
· Varying quantities can be produced, a single piece or mass produced
Disadvantages
· Lower dimensional accuracy
· Pattern storage and maintenance can be costly
· Surface finishes are fairly rough and would need further finishing
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Advantages
· High production rate
· Low labour cost
· Simple or complex shapes can be made
· Excellent dimensional control and accuracy
· Multiple features can be added in one pass
Disadvantages
· High machinery costs
· Slower than traditional punching methods
· Residual cracks are possible on punched edge
· Hardening of the edge of workpiece is possible
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Relative cost per unit versus Production rate per hour
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Price per Kg versus Tensile Strength
[image: ]
[bookmark: _Toc507504947]Figure 3 (CES, 2013)

Tolerance versus Surface roughness
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The findings shown above in Figure 1 show that the optimal production method for high amounts of production against low cost per unit is Sheet stamping, drawing and blanking.  It is also shown that this process produces parts that contain a high level of smoothness with a small tolerance as shown in Figure 4.  This is a favourable condition for any manufacturing process, therefore this method was continued forward as the optimal process for producing a sprocket.
In Figure 2, the results show the metals that can be used by the blanking process and their relative costs per kilogram.
Figure 3 shows the cost of materials against tensile strength.
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[bookmark: _Toc507509054]The results contained within this report unequivocally state that Blanking is the most suitable process for the manufacturing of sprockets for bicycle cassette’s.  Polymer Injection Moulding and Sand Casting both scored well on the Figure 1 chart, but the clear leader was Blanking.  Major manufacturers would opt for a high production rate paired with low cost per unit for obvious reasons, such as the increased profits.  The group of materials that are the clear choices for this selection are the steels grouped in the bottom right hand corners of Figure 2 and Figure 3.  These being low carbon steel, medium carbon steel, high carbon steel and low alloy steel.  Upon further investigation, the low carbon steel would be unsuitable as it wouldn’t be strong enough.  The high carbon steel would be too brittle.  This leaves two very suitable choices, medium carbon steel or low alloy steel as they both are suitably strong.  The final choice for the material is low alloy steel as this metal also has the advantage of being a highly weatherable, which is an obvious advantage as a bike should be able to be used in any conditions.
In conclusion this report states that low alloy steel should be used in conjunction with Blanking to produce bicycle sprockets.
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Sheet stamping, drawing and blanking
Description
The process
STAMPING is a generic term for a range of sheet-forming processes involving dies and press.  They include  blanking, shearing, drawing, bending, forming and coining, performed singly or consecutively to form complex shapes with a uniform cross-sectional thickness.  Progressive dies allow a number of operations at the same station giving high production rates. Tools are dedicated, so tooling costs are high.  Stamping is limited to materials available in sheet form.

Process schematic
[image: ]_
Figure caption
Sheet stamping operations.
Shape
Flat sheet	True
Dished sheet	True
Physical attributes
Mass range		0.001	-	5	kg
Range of section thickness		0.2	-	5	mm
Tolerance		0.1	-	0.8	mm
Roughness		0.5	-	12.5	µm
Surface roughness (A=v. smooth)	A
Process characteristics
Primary shaping processes	True
Machining processes	True
Cutting processes	True
Discrete	True
Economic attributes
Relative tooling cost	medium
Relative equipment cost	medium
Labor intensity	low
Economic batch size (units)		1e3	-	1e8	
Cost modeling
Relative cost index (per unit)	 	7.08	-	17.9	
Parameters: Material Cost = 6.3GBP/kg, Component Mass = 1kg, Batch Size = 1e3, Overhead Rate = 69.3GBP/hr, Capital Write-off Time = 5yrs, Load Factor = 0.5
Capital cost		5.16e3	-	5.16e4	GBP
Material utilization fraction		0.7	-	0.8	
Production rate (units)		200	-	5e3	/hr
Tooling cost		103	-	1.03e4	GBP
Tool life (units)		1e4	-	1e6	
Supporting information
Design guidelines
Shapes are formed from sheet stock and so have near-constant cross-sectional thickness (allowing for thinning caused by drawing operations). Intricate shapes possible using sequential drawing/bending/forming steps. Shapes with holes, tabs, recesses, cavities and raised sections are common.
Technical notes
Sheet stamping is most commonly used with metals, particularly steels. but Al, Cu, Ni, Zn, Mg and Ti alloys can all be processed. Polymeric and composite sheet can be shaped by blanking and shearing but drawing operations are less common. 
Typical uses
Brackets, various mechanical parts, pans, cups, key blanks, hinges, washers, small watch parts.
The economics
Dies for forging have to be made from exceptionally hard materials and are expensive, meaning that shape rolling and closed die forging are suitable only for large batches.
The environment
The processes carry no particular environmental hazards.
Links
MaterialUniverse
Reference
No warranty is given for the accuracy of this data
(CES, 2013)
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Tensile strength (MPa)
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