



Abstract
The report found that additive manufacturing can prove to be a real solution in the modern manufacturing of aerospace components, and not only does it offer a cost and time saving approach to the traditional CNC machining technique, but it offers companies the opportunity to reduce floor space and become more versatile in the ever changing world of manufacturing.
Both additive manufacturing techniques proved to have massive similarities to one another with both falling short in terms of surface finish and both needing post processing, but both offered excellent opportunities to have a positive effect on both the company and the environment. The results found are documented in the report
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An Aerospace Manufacturing company are looking to modernise and expand and to do this they are looking at changing the process they use for manufacturing the Aluminium helicopter cockpit floor. Currently, the company are making the aluminium component through C.N.C Milling and then heat treating it. 

The report will aim to compare and contrast two different types of additive manufacturing (SLM a Binder Jetting) considering:
· The Process
· Environmental implications
· Mechanical Properties
· Material
· Benefits and Limitations
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CNC Milling can almost be seen as a dated process, particularly with the environmental drives and initiatives for more sustainable manufacturing. A sustainability and manufacturing journal tells how  The manufacturing industry is currently tasked with mitigating future damage and so will be tasked with substantially reducing impacts on the environment (Tennant, 2013). Primarily, the main issues environmentally are electricity usage and waste management. CNC Milling machines often provide mixed waste to consist of cutting fluid and swarf, and also, oil mist from metal working fluid can have both health risks as well as environmental risks. (Faludi, et al., 2013). According to (Pearce & Kreiger, 2013) additive manufacturing is said to have the ‘potential to significantly reduce resource and energy demands as well as process-related C02 emissions per unit of GDP’. 
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Additive manufacturing is a relatively new phenomenon to many but the reality is that it has been around for many years. Originally used as ‘rapid prototyping’ it soon developed into a rapid manufacturing, which opened the possibility of a direct manufacturing of end-use parts’ (Altenbach, et al., 2016). Essentially, 3D printing has the potential to revolutionise the manufacturing world, having a strong influence in the aerospace, tooling and medical sectors (Gebler, et al., 2014). With the ability to print more efficient geometry parts Additive Manufacturing also offering a considerable saving to the aerospace industry in terms of weight reduction. When you consider ‘1 kilogram removed from every aircraft of a 600+ fleet of commercial jet-liners saves every year about 90’000 litres of fuel and avoids the emission of 230 tons of CO2 in the atmosphere’ (Farinia Group, 2018)
There are numerous types of additive manufacturing processes and although they are usually branched under the term 3D printing there are multiple varying methods of layer manufacturing. According to  (Loughborough University, 2018)there are 7 main categories for additive manufacturing, they are:
· VAT Photopolymerisation – uses a vat of liquid photopolymer resin, of which the module is constructed in layer form.
· Material jetting – Creates objects similarly to a 2D inkjet printer. Material is jetted onto a build platform
· Binder Jetting – Use of a liquid binding and a powder based material, a head moves along the X and Y axes to deposit layers of the build material.
· Material Extrusion – Material is drawn through a nozzle, where it is heated and deposited in layers.
· Powder Bed Fusion – Includes DMLS, EBM, SHS, SLM and SLS. ‘Powder bed fusion uses either a laser or electron beam to melt or fuse material powder together’ (Loughborough University, 2018)
· Sheet Lamination – Often known as ultrasonic additive manufacturing, this process uses sheets of ribbon or metal and binds them using ultrasonic welding.
· Direct Energy Deposition – Often used to repair or add additional material to existing components.
The above mentioned processes can be used to create products in ‘multiple materials like plastics, metals or ceramic materials in the form of Powders, Liquids, Solids, Foils or sheets’ (Gebhardt, et al., 2018)
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The process itself, as shown above, requires a laser to melt metallic powder. The lifting spindle will then move down and more powder is added, and subsequently melted until the part is complete (Gu, 2015). The object is initially designed as a CAD file and then it can be sent to the 3D printer for printing. 
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The most common type of aluminium alloy used in the SLM process is AlSi10 Mg (Ingarao, et al., 2018) but according to (Materialise, 2019) there is a multitude of materials used such as Titanium, Stainless Steel and Inconel. These all have various mechanical properties which will provide different benefits depending on the requirements. For example, the build size for Aluminium is 500 x 280 x 315mm which meets the specification for the cockpit floor but the maximum build size for a product produced with SLM in Titanium (TiAL6V4) is just 245 x 245 x 270mm (Materialise, 2019), so you would have better mechanical properties with the Titanium overall, but you would have to then build the part in two pieces and arrange to assemble the final part which again would add to overall cost.
Despite AlSi10 Mg being the most popular Aluminium alloy (Ingarao, et al., 2018) reports from (Galy, et al., 2018) study on Al-Cu alloys shows that they represent a great potential for the aerospace industry due to their high strength, furthermore studies from Airbus Group Innovation have found one particular alloy (AlMgScZr) which offers excellent weldability, corrosion resistance and mechanical properties.
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One major limitation of the SLM process is poor surface finish (Bartolo, 2011) which means that post processing must take place to achieve a good surface finish, this adding to the overall cost of the manufacturing process and this would need to be considered. 
(Galy, et al., 2018) explains that there are two reasons for the parts demonstrating high porosity levels: ‘Metallurgical pores which originate either from the absorption of the surrounding gas or from the evaporation of certain alloying elements, and parameter pores which are mainly the result of a process fault’
Surface finish aside, SLM provides overall excellent mechanical properties in that Compressive strength and stiffness are generally very good (Mazur, et al., 2017). 
[bookmark: _Toc6178619]Environment

Not only is there a massive reduction in waste and energy usage with SLM, but the ability to manufacture such complex parts ‘offers a shift from ‘design for manufacturing’ to ‘design for performance’ (Siddique, 2018). We also learn how Airbus has projected 30% weight reduction from additive manufacturing (Siddique, 2018).This will have a major impact on the environment as weight reduction could significantly affect C02 emissions.
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The mechanical properties would suggest that SLM could work for the application of a cockpit floor. All the boxes are ticked in terms of capabilities mechanically with the exception of surface finish. Even though the need for a post process to improve surface finish may be perceived as a hindrance, the SLM process offers the manufacturing company the freedom to design and produce other components with great ease and this could be a pivotal factor in moving away from the traditional machining techniques.
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· A CAD file is created and then sent to the Binder Jetting machine
· Powder material is spread over the build platform with a roller
· The print head deposits the binder adhesive on top of the powder
· The build platform is lowered
· Another layer of powder is then spread over the previous layer. Object starts to form where by the powder binds to the liquid
· Any unbound powder remains in the powder bed
· Repeat until part is finished
(Loughborough University, 2018)
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(Froes & Boyer, 2019) envisions additive Manufacturing of Polymers being a ‘Viable replacement for Aluminium Cast/Milled parts’ based on the fact they offer comparable performance features but with a significant weight reduction. Although the part is currently made from an Aluminium alloy there could be a case to change and look more towards polymers. 
Binder jetting itself can however produce an array of different materials including: Aluminium, steel and a number of polymers (Diaz-Moreno, et al., 2019).
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According to (Rybicki & Grant, 2017) Binder jetting can offer tolerances within 0.03175mm which is fairly accurate, although according to a study by (Miyanaji, et al., 2017) the tolerances are directly affected by the printing speed so in order to maximise dimensional accuracy of the part then it may mean slowing down the process to find a happy medium.
The strength of products produced with the binder jetting process can become an issue and Anisotropy is a common factor amongst parts that are 3D printed. ‘Post processing operations such as: support structure removal and other strengthening processes’ (Mahamood, 2017) are common practices within all methods of Additive Manufacturing.
Surface finish is another problem, not just for Binder Jetting, but again across the board for Additive manufacturing and as mentioned above, post processing is not uncommon. Some problems seen with Binder jetting are high levels of porosity and Sintering is then a common process to ‘remove most of the porosity’ (Zhang & Jung, 2018)
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Not only does Binder jetting offer a massive reduction in waste material but unlike SLM 100% of the powder used in the Binder Jetting process can be recycled however (Nandwana, et al., 2016) suggests that particles will sometimes ‘clump’ together which is impossible to see by eye, which can then affect the quality of any further parts made from the recycled powder. 
For the aerospace industry, the ability to make complex geometries more efficiently can result in weight reduction for parts which as mentioned earlier can have monumental impacts on fuel usage which in turn has a positive effect on our C02 emissions.  
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As is the case with SLM, Binder jetting offers the production of parts with some excellent mechanical properties but also falls short with surface finish. The biggest factor to consider is the volumes required and that will be the deciding factor between whether Binder jetting is compatible. For the lower volume builds then Binder Jetting would be a viable option (Niaki & Nonino, 2017). 
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Additive Manufacturing is at the forefront of advanced manufacturing technologies (Zohdi, 2017). For that reason, both SLM and Binder Jetting must demand attention from the manufacturing company when deciding on a replacement for CNC Milling. Both offer large similarities in mechanical properties with SLM offering the better of the two, however, both would need post processing to achieve a better level of surface finish.
To make one of the two processes work for the company, they would need to consider manufacturing multiple components and not just the cockpit floor as both offer capabilities beyond the manufacture of a single part. With that in mind, a key contributing factor, when deciding between the lower costing Binder jetting as opposed to the more expensive SLM, would be the volumes required. For medium to high volumes SLM would be the better of the two (Gu, 2015).
The material selection is also something that deserves careful consideration as a polymer could perform just as good as Aluminium in the application required and this could prove to be a cheaper option. There does however, seem to be multiple studies into metal alloys to develop the perfect material for additive manufacturing and (Galy, et al., 2018) study shows that there are already levels of success in this.
All things considered, both types of additive manufacturing would offer the company a reasonable solution to their need to modernise.
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