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Executive Summary
Aerospace manufacturing demands the highest standards in terms of both material selection, and fabrication methods. The main rational behind this is safety and efficiency in terms of weight. Company X currently use CNC milling to manufacture their components.
Currently, their competitors utilise more modern methods such as selective laser melting, and abrasive waterjet cutting. If Company X are to secure their place within an already tough market they will need to adapt and modernise their processes and material selection to stay with their competition. 
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Company X is an aerospace manufacturing company which design and fabricate various components for the aerospace industry. They use methods such as CNC milling to develop their products such as helicopter floor panel. Due to the nature of this industry safety is and as always will be the number one priority when developing products. Owing to this these components are designed and fabricated to extreme tight tolerances. Environmental discussion within this industry is at the forefront of a designer’s consideration when coming up with ideas. According to the CAA.co.uk scientific evidence suggests greenhouse gasses are ultimately contributing to global warming. Airlines are also pushing for more efficient airplanes. Atmosfair.de suggests that British airliner Tui airways have invested heavily in new airplanes and have come top of Atmosfair airline index for optimal levels of carbon efficiency. To achieve this aerospace manufactures are using more advanced materials and more advanced manufacturing methods such as wing skin milling as described by Airbus.com. 
This report will look at the current method CNC milling and compare it with two more progressive methods. These will be additive manufacturing and subtractive manufacturing, or more commonly known as 3d printing and water jet cutting. There has been some breakthrough in material selection. According to BBC.co.uk both Airbus and Boeing have invested heavily in alternatives to aluminium. The new Boeing 787 Dreamliner fuselage is half aluminium and half carbon fibre. While the new Airbus A350’s wings and fuselage are made from carbon fibre. If the weight of an aircraft is reduced by one kilo gram then the aircraft would save £600,000 over its lifetime. Dexcraft.com argues that carbon fibre is roughly 40% lighter than aluminium while at the same time ten times stronger. Transport.world-aluminium.org explains that aluminium is the perfect material for mass commercial aircraft manufacturing. It is corrosion resistant, light, strong and workable. Aluminium alloys withstand the remarkable pressures and stresses that occur on to an aircraft’s fuselage during flight. 

	Material
	Tensile Strength MPa
	Modulus of Elasticity GPa
	Density g/cm3

	Aluminium 7076 
	570 MPa
	71.7 GPa
	2.81 g/cm3

	Carbon Fibre T300
	3530 MPa
	230 GPa
	1.76 g/cm3


Table 1 Aluminium vs Carbon Fibre
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TheworksCNC.com hints that milling machines date back to the 1700’s and were initially used by clock makers and were the ancestors of manufacturing milling machines. More recent endeavours use cutting edge technology to control the process. CNC (computer numerical control) machines use a G-code to give dimensions and or setpoint for the machine to follow. Walsh, R.A. Cormier, D (2006) explains that the milling process is used for generating machined surfaces by removing a predetermined amount of the material bit by bit from the fabricated material. The actual milling method uses relative motion between the material and the working tool. This in turn generates the required surface. According to ardelengineering.com the milling process can also achieve shaping as well as details in a piece. Shapes, slots, holes, notches, grooves, pockets, and specialty faces are all results of custom millwork.  This would suggest why Company X has not yet looked at alternatives to manufacture their aerospace components. More modern version of CNC milling includes a six-axis machine. The FZ100 CNC milling machine is designed specifically for volume machining of aluminium (as described by Europages.com). 
Liang, S. Y. Shih, A.J (2016) argues that CNC manufacturing can be completed twenty-four hours a day, and only stop for planned or reactive maintenance which would suggest why this method is used heavily in manufacturing. 
Company X manufactures cockpit flooring to a maximum tolerance of +/-0.0127 cm. 
A CNC milling machine can manufacture this component to the desired tolerance. However, this is only achievable if the tool used by the machine is not dull or damaged. Also, inaccurate data from the CNC, or damaged or out of calibration sensors can lead to inaccurate finishes. 
[image: Image result for cnc milling machine]
Figure 1 CNC Milling Machine

CNC milling has become even more accurate due to improved technology such as advancements in G-code technology, and greater information being received from sensors such as radar and ultrasonic. Additionally, CAD (computer animated design) software has become far more advanced and accurate that this information is being sent direct to the CNC machine to mass produce the components.  

CNC milling machines do need to be properly safe guarding from inflicting injury to its operator. HSE.org.uk describes the most common health and safety issues as unsafe handling, harmful metalwork fluids, noise, and lifting materials and or equipment into position without the use of mechanical aids. But, like all engineering applications to reduce the risk as far as reasonably practicable then full training must be given, and the person must be deemed competent. Maintenance schedules must be adhered to while tool box talks, and risk assessments method statements must be in place. 
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Unlike milling machines, additive manufacturing adds the material through its process. Process such as 3D printing. Additive manufacturing shares some of its characteristics with CNC machining technology. Gibson, I. Rosen, D. Stucker, B (2015) considers that additive like CNC is a computer-based application that is used to develop and manufacture the desired product. As described earlier CNC milling mainly differs in that in that it is primarily a subtractive process. That uses a block of material that must be at least as big as the part being fabricated. CNC milling machining operates at high-speed meaning generally more material can be removed much faster than additive manufacturing can produce it. But additive manufacturing is only creating a sing part, whereas CNC do require more time to set up and execute because of the part geometry. 

One form of additive manufacturing is SLM (selective laser melting). This process is most commonly used for metal powders. Birmingham.ac.uk explains that the process involves melting levels of the metal powder with the use of a laser beam. Once enough power and heat are applied to the substance it forms a liquid. Subsequently, the molten pool sets and the metal cools down quickly, and the metal starts to form into its intended shape. After the cross-section of a layer is scanned, the building platform is reduced by a volume equal to the layer thickness and a new layer of powder is deposited. This process is duplicated until
the product is concluded.
 
[image: Image result for slm additive manufacturing]
Figure 2 SLM additive manufacturing process
According to Additivemanufacturingtoday.com GE have recently purchased two additive manufacturing suppliers. Additive manufacturing is a key part of GE’s growth into a digital industrial company. They are fashioning a more productive world with their pioneering world-class machines, materials and software. They are also poised to not only benefit from this programme as a customer but lead it as a principal supplier. GE has already introduced its first metal additive manufacturing component. The fuel nozzle can be located in their Leap Jet Engine where twenty of the components can be found.
Supercar manufacturer Bugatti have fabricated break callipers using SLM additive manufacturing.  SLM-solutions.com describes the break through and success of this process as ground breaking. The break calliper which was printed using titanium powder was manufactured over forty-five hours, and can cope with extreme strength, stiffness, and temperatures conditions at speeds over 230 mph and breaking forces of 1.35g and break temperatures of 1100 C. Additionally, the test displayed a tensile strength of 1,250 N/mm2 and a material density over 99.7%.

[image: Image result for bugatti 3d printed brake caliper]
Figure 3 Bugatti SLM manufactured brake calliper
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Krar, S. Gill, A et-al (2000) explains that both waterjet and abrasive waterjet cutting first made its appearance in the early 1970’s as an alternative to some of the traditional cold-cutting process and machining methods. The process of waterjet cutting involves producing a highly pressurised (3600 bar) torrent of water that is used to cut the material. The water is forced through the sapphire nozzles up to two to three times the speed of sound. The controlled water is able to cut virtually any hard or soft material whether thick or thin in size. 
First used widely for the cutting of cardboard, printed circuit boards, and pressured paper food containers. According to Schrader, G.F. Elshennawy, A. K. (2000) more modern methods are being used to cut a variety of non-metallic materials such as acrylics, felt, foam, plastic, polyethylene, polyimide, and rubber. The cutting technique affords clean cuts and edges with a reduction in material waste. Unlike thermal cutting this method does not subject the workpiece to any thermal deformation or mechanical stresses, and is a dust free, and odourless process. To cut through metal materials an abrasive must be added to the process. This process is called abrasive waterjet cutting.
[image: Image result for waterjet cutting process]
Figure 4 Waterjet cutting machine
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Krar, S. Gill, A et-al (2000) explains that abrasive waterjet cutting involves the same pressurised jet stream of water, however an abrasive is added to the jet stream. The most commonly used abrasive is garnet. This is because the mineral is hard, brittle that can produce an extremely aggressive cutting action. This process can be controlled by CNC, and the designs, patterns, and shapes that can be produced are only limited to the imagination. Additionally, the materials that can be cut are practically limitless. 

The cutting operation consists of a four-part process.
1. A hydraulic pump pressurises water to pressures between 2500 to 5500 bar. (In comparison a car tyre only has 2.12 bar of pressure).
2. This high-pressure water stream then passes through a nozzle where high-pressure water is focused into a controlled cutting stream.
3. The pressurised stream is then focused at the material. The stream passes the abrasive mineral hose that is mounted below the nozzle, which by vacuum introduced the abrasive into the stream.
4. Finally, the stream then passes down the carbide orifice, which is 0.8mm diameter. This helps to hold the focus of the stream onto the material that is being cut.
Abrasive waterjet cutting machines have a cutting accuracy of  0.02 mm. Additionally, a repeatability of  0.05 mm.
Krar, S. Gill, A et-al (2000) states that many different types of material can be used as the abrasive in the process. Though, garnet is used in around 90% of all abrasive waterjet cutting applications. Some of these materials are industrial diamond, silicon carbide, corundum 9, aluminium oxide, granite, steel grit 7.8, zirconium, quartz, olivine, copper slag, glass feldspar, and finally silica sand 6.
Abrasive waterjet cutting has is a very versatile process that is capable of performing various tasks in a variety of applications. The advantages of this process go further than its cost competitiveness against other techniques. The process has the ability to cut materials that are considered unmachinable by conventional methods. Abrasive waterjet cutting is already being applied to manufacture aerospace, and aircraft components. According to the institute of materials, minerals, and mining, both Boeing and Airbus use waterjet cutting technique. According to FlowEurope.com Flow Waterjet Cutting is the only water-jet/multi-process supplier to Boeing’s 787, Bombardier C Series and Airbus A350XWB program. 
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So far, this report has looked at the current method used by Company X, and also explored two more unconventional methods in SLM, and waterjet cutting. Company X could continue to operate and function using CNC milling. But ultimately if they are to modernise and move forward then adapting to new methods and materials would inevitably help the business move and or possibly be a leading supplier. An example of an organisation has failed to develop and strengthen is Kodak. According to Forbes.com Kodak missed the biggest opportunity by not pursuing digital photography. But what makes this blunder even harder to swallow is the fact that Kodak was the company that invented the technology. 
Company X must now look at what way they can modernise their processes. None of the processes motioned in this report would jeopardise work force numbers. The organisation would still need skilled operatives to operate the suggested processes, and still need skilled craft to maintain the complex machines. The fact that these processes are more cutting-edge advocates that the workforce would be provided with new skills and training, which in turn keeps the work force in touch with current cutting-edge systems.
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SLM is a rapidly growing technology. As discussed earlier on page 7 in this report GE have invested heavily in this cutting-edge technology. This method has many advantages over more traditional methods. However, there are also some fundamental disadvantages such as its inability to effectively mass manufacture. This is because of the time it takes to produce a component. Earlier this report described how Bugatti had used this method of manufacture on brake callipers. The process took forty-five hours to build the component. This time scale for Bugatti has no impact on their business model. When Bugatti build new cars, they are sold before they even begin production. Until now Bugatti have only made 450 Veyron’s. So, spending forty-five hours machining one part is not going to push its design/manufacturing programme out. The latest Bugatti named the La Voiture Noire is revealed as most expensive new car of all time. Costing £11.3 million the car has already been sold. Therefore, the SLM manufacturing time would not affect Bugatti. But Company X could face issues if this process was pursued. 
The key difference between these two processes is that SLM is an additive process where milling is a subtractive process. One advantage of SLM over milling is material waste. This is because of the process involved with SLM focuses on adding layer after layer of the material until the desired component is finished. The subtractive process removes the material and ultimately creates far more waste than SLM. This would present an opportunity for Company X to make potential savings. 
According to El-Hofy, H.A (2014) SLM is known to be an easier to use than CNC milling. This is because once the file has been uploaded to the machine and supports added. The process could be completed unsupervised until the component has been produced. Though some post process procedures such as machining for improved surface finish may be required. In comparison to CNC milling where the process is far more labour intensive. A skilled operator is required to choose between different tools, rotation speeds of tools, cutting path, and any repositioning of the material. Once machined there are also some post process procedures required. 
In terms of tolerance, CNC machining is better than all 3D printing processes, even SLM. However, with minimum layer thicknesses the advantage is not so great and is not as precise as SLM.  3D printing is recognised for its advantages in producing parts with high geometric complexity. 

	
	Tolerance (mm)

	Minimum Layer Thickness (mm)

	Maximum build volume (mm)


	CNC Milling
	± 0.025 – 0.125 mm

	cutting depth 0.01 mm

	2000 x 800 x 1000 mm


	SLM
	± 0.3 mm

	0.7 – 1.0 mm

	300 x 300 x 3 mm



Table 2 Tolerances of CNC milling vs SLM


Finally, to procure the SLM machines a significant investment would be required. According to Fabbaloo.com SLM machines range between £300k to £1m per machine. Although this would be a substantial cost. The benefits could be returned from new customers and becoming market leaders in the process. The old milling machines could be sold which would cover some of the investment.
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CNC milling and abrasive waterjet cutting are both currently being used to manufacture components within the aerospace industry. Both are a subtractive method of manufacturing. However, abrasive waterjet cutting has more advantages over milling. Abrasive waterjet cutting is more accurate than CNC milling. According to Krar, S. Gill, A et-al (2000) abrasive waterjet cutting has an accuracy  0.02 mm, and repeatability of  0.05 mm. While Liang, S. Y. Shih, A.J (2016) describes CNC millings accuracy as 0.5 mm. Though the accuracy of a milling machine is governed by the condition of its cutting tool. 

The quality of the finish of an abrasive waterjet cut product is far superior to that of a milling machine. Abrasive waterjet cuts without heat and has no heat discolouration. Thermal distortion and mechanical induced stresses are eliminated. Components are free from any burns, and the process reduces the amount of waste. Abrasive water jet cutting exerts little lateral or vertical forces. For this reason, only simple tooling is required. Brittleness is not a factor in the machining process. The process provides consistent edge finishes with little or no re-working required. Abrasive waterjet cutting can complete almost any work piece. Once the design drawing has been uploaded to the computer it can be scaled to the desired size and produce repeat components. Additionally, the process can cut both reflective and non-reflective materials. Complex shapes and designs can be manufactured. 
There are also a number of environmental advantages to abrasive waterjet cutting. The process is environmentally friendly and non-toxic since there is no chemical or air pollution created. No cutting oils or emulsions are needed with this process. The process does not create dust or grindings. Furthermore, the abrasive water used can now be recycled. According to thefabricator.com 30% of the garnet used cuts the material. Therefore, the remaining 70% just goes into the collection tank. This can be separated and re-used.   

Abrasive waterjet cutting machines are able to work alongside control and automation technologies. This makes production more consistent and uncomplicated. Considering the required accuracy in the aerospace industry, this is a huge advantage to companies in this business. Digital systems guarantee parts are fully and carefully constructed, right down to the smallest detail. At the same time laser machines can also use computerised digital systems. But the heat they inflict on materials can lead to deforming, which ultimately requires secondary processing.
It has been observed (Schrader, G.F. Elshennawy, A. K. 2000) that the operating costs of abrasive waterjet cutting are low when compared to traditional machining processes. But when the cost is higher this is usually off set because of the improved surface finish of the component. For example, Beddoes, J. Bibby, M.J. (2006) argues that because there are no burrs or heat damage during abrasive waterjet cutting the surface finish and quality do not suffer from microstructural changes that would alter the materials mechanical properties. According to (Schrader, G.F. Elshennawy, A. K. 2000) an abrasive waterjet machine price is around £150,000.
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This report has looked at both materials, and non-traditional methods that Company X could pursue to modernise their manufacturing capabilities. The recommendation are as follows.
· As described on pages 3 and 4 of this document carbo fibre has a higher tensile strength, and modulus of elasticity at half its weight. Both Airbus, and Boeing are using this material in two of their latest aircraft. As discussed on page 3 of this report if you reduce the weight of an aircraft by one kilo then there are potential savings in fuel cost of £600,000 during the aircraft life. 
· CNC milling would still allow Company X to produce the components required for their customers. However, this method is dated and would soon leave the business behind its competition. 
· SLM is a new technology that is being pursued by GE. Additionally, supercar manufacturer Bugatti have used this process to create a titanium brake calliper that displayed the required mechanical properties need to stop the sports car at high speeds. However, the time taken to build such a part was over forty-five hours. Traditionally, the process required to build aircraft is not the same as seen in the car industry. According to Airbus.com the current build time of the A320 is eight months. This obviously is not the same mass manufacturing method as the likes of Ford. But Company X still would manufacture components for existing aircraft which would require a faster manufacturing time than forty-five hours afforded by SLM. As the technology develops there may be improvements in this time.
· Abrasive waterjet cutting is a tried and tested method of subtractive manufacturing which is already being applied in the aerospace industry. Its tolerances, and accuracy are far superior to that of SLM and CNC milling. Furthermore, the improved surface finish also adds to the mechanical properties of the material. This is because there is no heat damage or burrs during the process which would change the mechanical microstructure that is seen during the milling process. The cost of the machines is lower compared to a SLM machine, and abrasive waterjet cutting waste can be recycled and reused. Therefore, this report recommends Company X begin developing a business plan to change from CNC milling and engage in implementing abrasive waterjet cutting technology to their organisation.
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