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The aim of this assignment is to outline and compare two non-traditional manufacturing methods to manufacture flooring used in helicopter cockpits. The design parameters are 50 x 33 x 2.5cm with a maximum tolerance of +/-0.0127cm. The current method is CNC milling and the material used is heat-treated aluminium. The brief has outlined surface finish as a requirement to improve as well as the business is looking to modernise and expand. The methods analysed should therefore meet this brief, as well as being cost effective, efficient and suitable for purpose. The two methods chosen for this report are Water Jet Cutting and Laser Cutting. A brief look at materials was also undertaking including the advantages and disadvantages of metal alloys, metal matrix composites and carbon fibre reinforced polymers.
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1. [bookmark: _Toc6159444]Introduction

Currently the flooring of the helicopter is manufactured using a CNC milling machine, out of an aluminium sheet. CNC milling stands for Computer Numerical Control and is a common process used to manufacture a wide variety of parts using a range of materials. CNC milling is a type of machining that uses a tool on the end of an arm to cut and shape materials into parts, it can move on a variety of axis and therefore can create intricate shapes and details[1]. The tool used on the arm of the CNC machine can be changed and therefore the size, shape and detail needed can continuously change even on the one machine. This however, can be time consuming and reduce run rates needed for large scale production. The initial set up of a CNC machine can take time but once the machine is programmed with the relevant information it can produce hundreds of repeatable parts. The CNC milling process starts with the design of the product/part needed, once this design has been finalised, the design parameters of the part are then programmed into the CNC machine. This is then transformed into coordinates that can be used to generate actions and a cutting path to create the desired part[2]. 
There are many benefits to investing in a CNC machine. They are flexible and cost efficient, the same machine can be used to manufacture a variety of parts after the initial investment has been made. Many tools can be used on the same machine, this means a variety of techniques can be employed to create a variety of shapes and sizes. As it relies on programmed data input to manufacture parts, CNC milling is reliable and repeatable and therefore the same part is replicated multiple times, however, a lot of operator interaction is required[3]. Depending on the size and usage of the CNC milling machine, prices can vary significantly, with very basic models competitively priced compared to models that need to include a lot of detail used on difficult material costing hundreds of thousands of pounds. 
The current part is manufactured from aluminium and is further heat treated to strengthen the material. Aluminium is light and corrosion resistant which makes it a suitable material to be used in the manufacture of aircraft parts as supported below, 
“Aluminium is the primary aircraft material, comprising about 80% of an aircraft’s unladen weight.” [4]
There is an added cost benefit associated with the use of aluminium, as it doesn’t require a protective paint layer due to it being resistant to corrosion. This saves not only on the processing cost of the part, it reduces the weight of the part and the overall helicopter, which further reduces fuel consumption while in flight. In aircrafts, there is also the use of alloys to help strengthen specific areas that might be exposed to extreme temperatures and pressures. With an associated cost to using materials all these factors need to be considered. In commercial aircrafts aesthetic is important, as well as safety, and so aircraft manufacturers are more willing to spend money on paintwork so can use a cheaper metal that can be painted with corrosion resistant paint. However military aircraft are less concerned with aesthetics, but obviously, safety which includes potentially bullet proofing and armouring is more important. They will therefore spend significantly more on the product material with less thought given to whether it is to need a layer painted to prevent corrosion. 
Volume is also needed to be understood while planning for part manufacturing. CNC milling is a cost-effective way of mass-producing parts, however, for larger parts it can be time consuming and less efficient as there is a cost associated with the hours spent cutting the part. It is therefore crucial to understand the cost benefits of CNC milling with other manufacturing methods to establish which is the most cost effective to produce the helicopter floor plate. As mentioned previously, it is important to understand the application of the part to then consider the amount to be made, what is the production run rate, over what period and the budget that is associated with the production.
[bookmark: _Toc6159445]Literature Review
During this assignment the literature reviewed covered a variety of journal articles, books and websites. It was found that the websites covered the detail needed for the production machines e.g. the tolerances and costs. However, these were generally sales websites or forums and so the information contained will have a bias towards certain process methods. This was taken into consideration when writing the findings and results for the assignment. Although the brief specified that the company was looking to modernise and expand it was assumed that within this the company was also looking at ways to become efficient and cost effective. The journal articles and the books used for this assignment were very informative and helped to form educated decisions to assess suitable materials and manufacturing processes. 
[bookmark: _Toc6159446]Findings/Results/Discussion
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When introducing a new manufacturing method it is important to assess how critical the choice of material is and whether there are more suitable materials for the application. The material used for the cockpit floor of the helicopter is heat-treated aluminium. Aluminium is considered a suitable material for use in aircrafts due to its properties; light, high strength, corrosion resistant and heat resistant. However, companies are ever evolving and looking for new products to increase efficiency and save costs. 
After looking at a variety of potential materials there are several suitable suggestions. Metal alloys including steel, titanium, magnesium and aluminium, are all appropriate materials. Previously, magnesium was seen as unsuitable due to it being extremely flammable, however, once it has been converted to an alloy it maintains all the properties of magnesium but is less corrosive and becomes inflammable [5], this therefore makes it a very good material suggestion for use in aircrafts. Steel alloys are strong and are better suited for areas that experience high stresses, but they are heavy and so tend to be used sparingly. Titanium alloys are resistant to corrosion and have a good stress to weight relationship, however, they are very expensive[6] and are generally used in military and low production rate applications. Other options to assess are reinforced materials including metal matrix composites (MMC) and carbon fibre reinforced polymer (CRFP). Carbon fibre reinforced polymers are strong, light, high temperature wear and oxidisation resistant[7]. As an example, 
“The A310 carries a vertical stabilizer (8.3 m high by 7.8 m wide at the base) a primary aerodynamic and structural member fabricated in its entirety from carbon composite (now £10–20 kg−1 for large tow HS fibre) with a total weight saving of almost 400 kg when compared with the Al alloy unit previously used. In addition, the CFRP fin box comprises only 95 parts excluding fasteners, compared with 2076 parts in the metal unit, thus making it easier to produce”[8]
Although this example shows the use of CFRP in airplane components, the same principles can apply to the manufacture of helicopter parts. Carbon fibre reinforced polymers are low cost and reduce the need for extra processing, further reducing costs, especially when compared to the current material choice of aluminium.
Similarly, metal matrix composites are light, strong, durable and corrosion resistant. MMC’s are gaining in popularity due to their improved properties with the addition of fibres or particles. However, these composites can be difficult to machine due to properties such as high strength and developed surface properties [9]. MMC’s tend to be used in applications that require higher operating temperatures[10]
[bookmark: _Toc6159448]Processes
The processing method first analysed is abrasive waterjet cutting (AWJ). This is the use of high-pressure water mixed with an abrasive such as garnet, aluminium oxide or silicon oxide[11]. Water Pressure can reach a maximum of 94000psi with an average speed of 2500mph. The process uses high pressure water to cut away the material, which means there is no heat generated, hence no heat affected zone. This creates no burr or jagged edge which eliminates the need for further processing[12]. As there is no heat introduced through the process there is no risk of the material property changing, so a variety of composite and heat-treated materials can be processed this way and the required properties will stay the same. AWJ cutting can be used on a wide variety of materials and thicknesses as the process is very effective, leaving an edge that requires very little further processes to get the finished part. Tolerances on AWJ cutting are generally between +/- 0.1mm and +/- 0.2mm. Very little waste is produced via AWJ cutting and what is produced can be disposed of via normal waste water routes. Small amounts of water are used, between 1-2 litres per minute, so it can be considered a very environmentally friendly option to process materials [13]. Abrasive water jet cutting machines are easy to set up and are adaptable to a wide selection of part production needs.
The second choice for production chosen is laser cutting. Laser cutting is the use of energy emitted from a laser beam to remove material. Material is vaporised or ablated so there is very little waste produced using this method, however, when used on certain materials hazardous fumes can be created as a by-product, therefore an extraction system is recommended. Due to the heat created via the process there is a heat affected zone, so further processing is required when cutting through certain materials types and thicknesses. Laser beam cutting is a fast process and can produce small details and holes, including holes with diameter down to 0.025mm [14], but while using laser beam the product material is limited to homogenous material that is non-reflective as the beam becomes ineffective and will stop working[14]. Laser cutting is not considered the best option for mass produced parts as it becomes less cost effective, 
“A lot of people that are not bothered about quality of finish or accuracy often go for laser cutting as it is no doubt the cheapest option for thin parts, however, with multi heads and the ability to stack up sheets, waterjet cutting is catching up and one very important factor to consider is that as thickness of material increases waterjet becomes more and more cost efficient” [15]
Both laser cutting and abrasive water jet cutting require similar maintenance as the wear on the laser and abrasive nozzle is comparative. Both methods can manufacture multiple parts, like CNC machining, as only a data input is required to change the part manufactured however, abrasive water jet cutting can create a wider variety of parts due to its ability to cut a variety of material and thickness. Nevertheless, when using abrasive water jet cutting the production will slow down if the required design is very detailed. Similarly, if the required material is thick, the process will slow down. Taper can also affect the product which will have a negative impact on the dimensional accuracy of the part. As it is taking more time and resources to produce the part, unfortunately the associated production costs will increase.
[bookmark: _Toc6159449]Conclusion

Table 1 – Breakdown of findings [14]
	Process
	Tolerance (mm)
	Surface Finish
	Applicability on various materials (in suitable applications)
	Removal Rate

	CNC Milling
	+/-0.05
	Fair
	Good to Excellent
	Excellent

	Abrasive Water Jet Cutting
	+/-0.01 - +/-0.02
	Excellent
	Poor to Excellent
	Fair

	Laser Beam Cutting
	+/-0.03 – +/-0.06
	Good
	Fair to Good
	Poor



From the graph above there are very few differences regarding the three manufacturing processes. All have relatively low maintenance and set up costs once the initial purchase of the machine has been made. All are considered feasible processes when looking at an improved surface finish and application to materials. The biggest consideration when looking to use an n new production method is what the requirements are and how are these to be met. As outlined in the introduction, once the use of the part, the production run rate and budget associated with production is outlined, decisions can be made as to what is the most suitable material and how this will be manufactured. If being used in military applications, it would be a sensible decision to use either a metal alloy or metal matrix composite and to use laser beam cutting. The cost of the material is expensive, but the properties will be more suitable, the cost of manufacturing is higher as the parts are not produced as quickly but more attention is paid to detail. Tolerance is tighter but due to the use of heat there will be a heat affected zone which will need further processing. Alternatively, if being used in commercial applications, the budget is generally a lot more restricted, so it would be suggested to use carbon reinforced fibre polymers and to use abrasive water jet cutting. CRFP are cheaper than metal equivalent but still retain a lot of the properties required from metal options, using AMJ cutting still maintains an accurate tolerance with good surface finish. It can be used on a variety of materials and produces a high production rate of repeatable parts. 
To conclude my suggestion to the company looking to modernise and expand when manufacturing helicopter cockpit floor plates, is to use carbon fibre reinforced polymer with the part produced via abrasive water jet cutting. They will save money as it will require less processing costs compared to the current production method used to produce heat-treated aluminium flooring. It is considered environmentally friendly, efficient and will improve the surface finish on the product making it a suitable option for the brief that was set.
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