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[bookmark: _Toc509236850]1.0 Introduction

         A company that currently produces Bicycle components via traditional methods would like to look into the possibility of modernising their manufacturing process with the use of Non-traditional or advanced machining methods. The component to be investigated is a Carbon fibre Disk brake, which is currently produced by producing carbon fibre and then forming it to shape, and then secondary processed using a milling machine, using traditional cutting methods.
      The company wants to look into how they could improve the process by changing the secondary processing method from traditional machining, to either Electrochemical machining (ECM) or Ultrasonic Machining (USM). Both process will be looked into and compared against each other to justify the final choice.






















[bookmark: _Toc509236851]2.0 Summary

      The company wanted to look into how they could improve the process by changing the secondary processing method from traditional machining, to either Electrochemical machining (ECM) or Ultrasonic Machining (USM). Both process were looked into and compared against each other to justify the final choice.
The Process chosen was dependant on whether this is a high or low output:
· If it is high output, I would move towards using Electrochemical machining, as it has many advantages in comparison to traditional machining, and could lead onto new opportunities for the company to use their new technology for other jobs.
· If it is low output, I would stay with the traditional machining methods, as it would take too long to repay the new machinery. And then focus on modernising a different in house process if possible












[bookmark: _Toc509236852]3.1Chosen Product
[image: ]The product chosen to be analysed is a Carbon Ceramic Disk Brake, from a performance bicycle.Figure 1 – Component image, taken from https://www.bikerumor.com/2016/11/18/alphas-ceramic-rotor-rs-superlight-spanish-carbon-disc-brake-rotors/

This part has been chosen due to its high performance requirements in usage, as well as the high tolerances involved in the manufacturing process. 








[bookmark: _Toc509236853]3.11 Traditional Process 
The process being looked into is the secondary machining process in manufacturing carbon ceramic disk brakes for a Performance bicycle.
The current manufacturing processes used for the secondary process are traditional machining, consisting of milling and turning dependant on design.
Once the component has completed the first process, it is then sent to machining to finish it. This usually consists of milling all edges for surface finish, and then drilling all required holes.
However, due to the nature of the material, whilst machining the traditional way, the part is subjected to thermal stresses from the machining process, which could lead to defects in the parts performance. 
The second issue is in the tooling used, as generally the same tools (Tungsten carbide or High speed steel) will be used for this as would be used for steel, however the spindle speed must be increased and feed rates must be slowed down dramatically due to the brittleness of the part. And in addition to this, carbon is a very abrasive material, which leads to high rates of tool wear, even whilst using Tungsten carbide coated tools to resist the wear.
The last option would be to use polycrystalline diamond tooling, which would improve the speed and wear rate, but generally cost a lot more than the previously mentioned tools.
Information regarding carbon fibre machining taken from -https://www.element.com/nucleus/2016/06/29/five-tips-for-machining-carbon-fiberhttps://www.compositesworld.com/articles/machining-carbon-composites-risky-business

[bookmark: _Toc509236854]3.2 Advanced Process 1 description
[image: ]Electrochemical Machining or (ECM) is generally a metal-removal process, however it can work for any material given that the material is conductive, which is the case for carbon fibre composites, due to their mixing with other materials, such as ceramic and epoxy resins. Figure 2 ECM Diagram (taken from CES materials package, 2018)

The process is the opposite of electroplating, the machining tool which is made from copper (cathode), draws particles from the work piece (anode) towards it via the current used, these particles are ‘deplated’, and are then swept away by the electrolytic fluid, before they reach the tool, this is known as electro chemical dissolution , as shown in figure 2.
The tooling for this process is extremely important however, as it must be designed to do the job as required, meaning that new tooling is required for each new job, but as it wears very little, it can be reused for the same job over and over.
The hardness of a material is not an issue for ECM due to the nature of the process, so hard to machine materials are suitable for this process. Also as the tooling must be created specifically for the job, complex geometries can be machined regardless of the materials hardness. 
(Info regarding process taken from CES materials package and http://www.nitc.ac.in/dept/me/jagadeesha/mev303/OVERVIEW_OF_NTM_PROCESSES.pdf)
See below table for Process attributes and characteristics (CES materials package, 2018)
Table 1 - Attributes and characteristics of ECM
	Physical attributes
Range of section thickness		0.1	-	20	mm
Tolerance		0.01	-	0.5	mm
Roughness		0.2	-	12.5	µm
Process characteristics
Primary shaping processes	False
Secondary shaping processes	True
Machining processes	True
Prototyping	True
Discrete	True
Economic attributes
Relative equipment cost	high
Relative tooling cost	high
Labour intensity	low

	Material removal rate, MRR, in electrochemical machining:

MRR = C .I. h (cm3/min)
C: specific (material) removal rate (e.g., 0.2052 cm3/amp-min for nickel);
I: current (amp);
h: current efficiency (90–100%).

The rates at which metal can electrochemically remove are in proportion to the current passed
through the electrolyte and the elapsed time for that operation. Many factors other than
current influence the rate of machining. These involve electrolyte type, rate of electrolyte
flow, and some other process conditions.





[bookmark: _Toc509236855]3.21 Applications
Generally used in the high end automotive and aerospace sectors for:
· Complicated shapes in high strength materials. 
· Hole drilling, 
· Engine parts,
· Turbine blade features,
· Honeycomb structure, 
· Burr free parts and 
· Deep holes; die cutting. 

[bookmark: _Toc509236856]3.22 The economics
ECM is economic for moderate-high production rates. As tooling costs are high but the process itself has little to no running costs as tooling doesn’t wear, and the process can have a high degree of automation, letting workers move onto other work whilst it is running.
The only issue in economics is the costing of chemical disposal, depending on which chemicals are used, could be very high.

[bookmark: _Toc509236857]3.23 The possible effect that the new technology could have on the company in relation to their industry sector.
This new technology could open up the company to be able to perform new jobs in the sector. For example at current they make high performance brake components, however these machines are used regularly in the aerospace and automotive sectors, therefore the company could look to gain jobs for the machine in those sectors to expand the company’s versatility.








[image: ]
[bookmark: _Toc509236858]3.3 Advanced Process 2 description
Ultra sonic machining is a mechanical material removal process, which is used to erode holes or cavities in hard or brittle workpeices. This is achieved by using a specifically shaped tool, in conjunction with a high frequency mechanical motion, and an abrasive slurry, as shown in figure 3.
This process is used exclusively for hard and brittle materials.  The process works by using the tool which oscillates by 0.0013mm-0.1mm at a speed of up to 100kHz, to accelerate the hard particles in the abrasive slurry towards the workpiece.  Through repeated abrasions, the tool produces a hold with a cross section identical to its own. The tooling is generally made from high carbon steels, to ensure they are wear resistant. Once finished parts are burr free with no mechanical or thermal stresses.Figure 3 – USM Diagram (taken from CES materials package, 2018)

(Info regarding process taken from CES materials package and http://www.nitc.ac.in/dept/me/jagadeesha/mev303/OVERVIEW_OF_NTM_PROCESSES.pdf)
 See below table for Process attributes and characteristics (CES materials package, 2018)
Table 2 - Attributes and characteristics of USM
	Physical attributes
Range of section thickness		1	-	20	mm
Tolerance		0.005	-	0.05	mm
Roughness		0.2	-	1.6	µm
Process characteristics
Primary shaping processes	False
Secondary shaping processes	True
Machining processes	True
Cutting processes	True
Prototyping	True
Discrete	True
Economic attributes
Relative equipment cost	medium
Relative tooling cost	medium
Labour intensity	low



[bookmark: _Toc509236859]3.31 Applications
· Machining very brittle materials
· Machining high strength materials
· Hole drilling, 
· Complex cavity shapes
· Burr free parts and 
[bookmark: _Toc509236860]3.32 The economics
USM is best suited for low production rates.  Special tooling required for each job leading to high tooling costs. Tool wear is a problem requiring frequent changes.  Multiple cuts may be required for a high finish.



[bookmark: _Toc509236861]3.33 The possible effect that the new technology could have on the company in relation to their industry sector.
This new technology could open up the company to be able to perform new jobs in the sector. For example at current they make high performance brake components, however these machines are used regularly in the aerospace and automotive sectors, therefore the company could look to gain jobs for the machine in those sectors to expand the company’s versatility.
However due to the speed of the machine I don’t think that it is viable.
























Table 3 - Comparison of processes advanced processes
	
	USM
	ECM

	Advantage
	· USM process is non-thermal, non-chemical, creates no changes in the microstructures,
chemical or physical properties of the work piece and offers virtually stress free machining
· Any materials can be machined regardless of their electrical conductivity
· Especially suitable for machining of brittle materials
· Machined parts by USM possess good surface finish and high structural integrity.
· USM does not produce thermal, electrical and chemical abnormal surface

	·  The components are not subject to either thermal or mechanical stress.



· Fragile parts can be machined easily as there is no stress involved.


· High surface finish (up to 25 μm in) can be achieved by ECM process.




·  No tool wear during ECM process.
· ECM deburring can deburr difficult to access areas of parts.
· Complex geometrical shapes in high-strength materials particularly in the aerospace industry for the mass production of turbine blades, jet-engine parts and nozzles can be machined repeatedly and accurately.
· Deep holes can be made by this process.


	Disadvantage
	· USM has higher power consumption and lower material-removal rates than traditional fabrication processes.
· Tool wears fast in USM.
· Machining area and depth is restraint in USM.
	· ECM is not suitable to produce sharp square corners or flat bottoms because of the tendency for the electrolyte to erode away sharp profiles.
· ECM can be applied to most metals but, due to the high equipment costs, is usually used primarily for highly specialised applications.
· Not suitable for jobs with very small dimensions, due to the nature of the tooling, it cannot produce a cut or a hole that is smaller than the tool itself.









As shown in the above table, many parts of these processes seem fairly equal:
· Both USM and ECM do not subject the component to any thermal or mechanical stresses.
·  USM can be used to machine any material, whereas ECM requires that the material is conductive to work, however this is inconsequential as Carbon fibre is conductive enough to be machined via ECM.
· Both USM and ECM can be used to machine hard and brittle materials, however ECM is better when machining fragile parts than USM. But both can be used.
· Both Processes produce adequate surface finishes, with no burrs for the product.
· Both are not suited to jobs requiring small dimensions.
· ECM can produce more complex geometries than USM due to the nature of the processes, however the product in question doesn’t have any complex geometries so it doesn’t matter for this job, however could affect future work.
However, ECM beats USM in several factors:
·  ECM tooling wears extremely slowly, if at all. Whereas USM tooling wears at a rapid pace, meaning that it needs to be replaced regularly.
· ECM can be used to drill deep holes, whereas USM has limits to its machining depth.
· ECM is best suited to High output manufacturing, whereas USM is best suited to low output.
· ECM is much faster than USM, and can make deeper cuts, where USM may need to make several passes to achieve the same result.
The only downside to ECM in comparison to USM is the initial cost factor. As ECM equipment is classified in the high cost range however it’s running cost are in the low cost range. Whereas the initial cost for USM is in the medium cost range, but the running cost are in the High cost range due to tooling requirements, and the amount of power used to run the machine.
Therefore for this job it makes more sense to choose ECM, as although it costs more initially, if used to produce a high number of parts it will pay itself off relatively quickly, whereas if USM was chosen, it would be cheaper initially, but in the long run it would end up costing the company more.











[bookmark: _Toc509236862]3.4 Comparison of Chosen process and traditional 
· Traditional machining has a Low initial cost, and maintenance/running costs are relatively cheap, however the running costs are similar to that of the ECM machine, due to the need to replace cutting tools regularly when working with Carbon fibre. 
· The speed of traditional machining is slightly faster than that of the ECM machine, 
However the ECM machine once running doesn’t require much labour, therefore the engineer can continue with other work whilst it’s running. Whereas a traditional machinist would be controlling the machine for the whole of the process.
· Traditional machining could produce the same surface finish as ECM, but that would require slowing the process down, reducing production.
[bookmark: _Toc509236863]3.5 Process decision and justification
The Process chosen depends on several factors,
· whether the cost effectiveness is the most important,
· As if this is the case, and the production rate is low, although the two advanced processes can make the part to a higher standard than the current traditional machining process, it is likely to cost a lot of money upfront, and ultimately wont effect the products properties enough to warrant the spending.
· However if the production rate is high enough, the cost of the machine and tooling can be justified, as they will get paid off relatively quickly, due to the rate at which the machine can work, and also due to the fact that once tooling has been bought or made, it can be used wear free for a very long time.

· Whether improving the product is important, if this is the deciding factor, the chosen Process would be ECM. This is due to 
· Surface finish
· Thermal and mechanical stresses
· Speed of machining
· Tooling is wear free

So overall, depending on whether this is a high or low output I would make two choices.
· If it is high output, I would move towards using Electrochemical machining, as it has many advantages in comparison to traditional machining, and could lead onto new opportunities for the company to use their new technology for other jobs.
· If it is low output, I would stay with the traditional machining methods, as it would take too long to repay the new machinery. And then focus on modernising a different in house process if possible.
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