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Abstract
This report analyses three potential materials considered for use in manufacturing a floor section for a military application helicopter. The material properties are compared, along with the required methods of production to ascertain which is the most suitable for the intended use. The three materials are aircraft grade aluminium (7075-T651), prepreg carbon fibre weave (HexTow HM63) and 3D printed reinforced polymer (SLS chopped-fibre-filled PA66 nylon). Each of the materials has characteristics which made it suitable for deeper analysis; the design freedoms of additive manufacturing for the polymer, the material strength, cost and manufacturing availability of aluminium, and the superior strength, rigidity and weight properties of carbon fibre. After further analysis the limited part-size of additive manufacturing machines negated the nylon’s potential design benefits and eliminated it, while the greater high-volume manufacturing convenience of aluminium ultimately lost out to the sheer performance of the carbon fibre. For commercial aircraft the aluminium is a perfectly viable material, but in a military application the performance characteristics of the chosen material come before potential manufacturing savings, so despite its more expensive and labour-intensive manufacturing process the carbon fibre was chosen. 

Introduction
A company specialising in military aerospace components is looking to expand their production techniques from traditional means in to more modern non-traditional methods. The proposed component is a section from a helicopter cockpit floor that is currently produced in aluminium via CNC milling and then heat treated – because of the aeronautical application and requirement of heat treating the grade is presumed to be 7075-T651, as this grade has improved an strength-to-weight and hardness over standard 6061-T6 (OnlineMetals, 2017). The company would like to investigate two alternative materials for future combat helicopter designs, with the property priorities as follows;
· Weight reduction; by saving weight fuel costs are lowered as less power is required to move the vehicle, while speed and range of the craft are also improved. Handling is improved as lower mass results in lower inertia and so enabling more rapid changes of direction.  These are especially important in large-scale military applications as improved handling results in improved survivability for the aircraft, and lower running costs for the fleet due to improved fuel economy. 
· Durability – the ability to survive potentially damaging situations is vital in any military vehicle. By improving the impact resistance, toughness and overall strength characteristics (tensile, sheer) of the vehicle, it is more likely to survive these situations. 
· Ease of manufacture – the suitability of the material and required processes for large-scale manufacture must be considered, as demand from the consumer for stable lead times and large quantities is high. 
· Cost – while less of a priority, cost must still be considered. The performance benefits offered by the material must outweigh any additional cost increases over the current method of manufacture. 
Because of these factors, the two materials proposed for further assessment are moulded prepreg carbon fibre and Selective Laser Sintered 30% glass-fibre-reinforced PA66 Nylon


Material and Process Properties
Aluminium 7075-T651
Advantages;
· High strength material suitable for high-stress parts; UTS of 572MPa (Matweb, 2019)
· High corrosion resistance compared to other metals (Matweb, 2019)
· High heat resistance; melting point ~500°C (Matweb, 2019)
· High stiffness; Young’s Modulus of 71.7GPa
· Low cost compared to composites; ~£4000/m3 (CAE, 2019)
· Availability of production
Disadvantages;
· High density compared to polymers and composites; 2.81g/cm3 (Matweb, 2019)
· Restrictive design constraints compared to additive manufacturing
· Requires heat treating
The process for CNC machining is an evolution of classical machining, involving using various cutters, drills and other forming tools to remove material from a billet to create the intended design. By adding Computer Numerical Control, the processes have vastly improved in terms of tolerances, wastage and time efficiency (CNC, 2019). Additionally, because aluminium can be easily recycled by melting down removed material and forming it in to new billets, it is more environmentally friendly than composites that use thermoset resins; these are more expensive to recycle and do not degrade over time (Yang et al, 2012). The disadvantage of the process is the scope for design features, as forming tools need direct access to the features in order to be able to remove the required material – while this has improved in recent years with the advent of 5-axis machining and the use of stronger materials such as tungsten carbide for cutting tools that allow for smaller tooling, parts are still unable to have features such as internal cavities due to lack of access. 
This material and process is obviously suitable for the intended application as it is the current design specification, and the material is well suited to the application due to its high strength, durability and availability of manufacture. However, its large weight deficit over materials such as carbon fibre and carbon-reinforced polymers mean that is not the leading candidate in terms of raw performance - the primary concern of the customer. 
Prepreg Carbon Fibre (HexTow HM63)
Advantages;
· High strength-to-weight ratio; 4688MPa – 1.83g/cm3 (HexCel,2019)
· High yield strength; ~250MPa (HexCel,2019)
· High stiffness – Tensile Modulus of 455GPa (HexCel,2019)
· Part uniformity (FibreGlast, 2019) 
· Improved surface finish over traditional layered carbon fibre (FibreGlast, 2019) 
Disadvantages;
· Cost; ~£20,000/m3 (CES, 2019)
· Difficulty of high-volume production due to labour-intensive moulding process and curing requirement (FibreGlast, 2019)
· Design constraints due to requiring mould
Prepreg carbon fibre as a raw material is produced by forming woven sheets of carbon fibre, and then dipping them in to liquid epoxy resin in order to absorb the liquid. This material is then frozen to be stored for later use. The advantage of prepreg over the layering method of carbon fibre moulding is that because the epoxy is already contained within the material, the amount of resin in the final produced part is easier to control. When having to layer epoxy over the carbon weave and repeating to build up the laminations of the final part, it is easy to over or under saturate areas, resulting in a non-uniform ratio of carbon to resin (FibreGlast, 2019). The ideal ratio is around 70% carbon to 30% epoxy, as this provides the maximum strength and stiffness without risking delamination of the material (FibreGlast, 2019). 
FibreGlast explains the process of forming prepreg carbon fibre as involving;
· Preparation; most prepregs are stored in freezers to prolong shelf life, so the material must be brought up to room temperature.
· Lay-up; this is where the backing is removed from the material, and it is laid in to the required mould. This can be done in a multidirectional fashion to improve directional strength and stiffness, and up to ~6mm of layers can be laid at a time without risking extensive air trapping. 
· Trimming; excess material is removed.
· Vacuum bagging; the mould is covered with a vacuum bag which is used to fully compress the material in to the mould, removing any air bubbles. This will improve the surface finish.  
· Curing – this is done in multiple cycles, bringing the material up to a target temperature in order to cure the internal resin and set the material hard. Once cooled, the material can then be put in to immediate service. 
This material is well suited to the requested design as it possesses incredible strength and stiffness characteristics for its low weight, which was the major priority. The disadvantages of the material do not have a great effect for this application, as the simple design and large budget of the customer go some way to cancelling out the high cost per volume and design restrictions stemming from use of a machined mould. 
Selective Laser Sintered PA66 Nylon, Chopped-Fibre Filled
Advantages;
· Design freedom; additive manufacturing allows for greater scope for features such as undercuts, internal cavities and compound radii (Gibson et al, 2009)
· Low density; 1.29g/cm3 (Plastim, 2015)
· High compression and tensile strength compared to other polymers (Plastim, 2015)
· Very high wear resistance (Plastim, 2015)
Disadvantages;
· Poor stiffness compared to aluminium and carbon fibre; Young’s Modulus of 5000MPa (Plastim, 2015)
· Part size limitations due to machine sizes (Protolabs, 2019)
· Potentially biologically harmful when eroded due to carbon filling (Plastim, 2015)
The processes for SLS involves using a laser to fuse powdered polymer together on a heated bed in to the desired shape. As heating polymers rapidly can have adverse effects on the material, the bed is often kept at a temperature just below the melting point of the material in order to reduce the temperature increase when sintering (Gibson et al, 2009). The laser is also set up to bring the powder above the melting temperature, but lower than the temperature where the material would start to degrade – this is means the gap between the melting and deterioration temperatures is key in what makes a polymer suitable for SLS printing (Gibson et al, 2009). As well as having a heated bed, the ambient chamber temperature is also kept just below the melting temperature in order to keep the part in a partially molten state during the print cycle; this allows the part to be cooled uniformly upon completion, reducing the risk of cooling deformation and increasing the overall density of the final part (Gibson et al, 2009). Because of the denser nature of SLS parts over methods such as FDM, the surface finish is better as it does not feature layers of filament – the other advantage of this is that the risk of splitting between layers is removed as the material is actually fused together (Protolabs, 2019)
This material and process is suitable for aerospace applications mainly due to the design freedom offered. Unlike aluminium and carbon fibre, the potential tensile strength and stiffness do not necessarily come directly from the material, but from the ability to add internal reinforcements and strengthening structures within the design due to additive manufacturing processes. The final helicopter floor design would be both strong and light if made using SLS nylon, and the slightly rougher surface finish would provide additional grip to the occupants. The main problem however is the size of manufacturable parts – with a maximum manufacturable surface area of less than 0.2m2  on standard industrial SLS machines, any final design would have to be made of many interlocking parts which could be potentially both costly and detrimental to overall performance. 
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	Upon detailed investigation of the three candidate materials, it is clear that there are only two that are actually feasible for the application; while SLS Nylon is a good material in terms of its high strength to weight ratio and large scope for complex design structures, the limitations of the manufacturing process prevent it from being feasible for large production parts on a high-volume scale. Because of the size limitations of current generation SLS printers the design benefits would be hard to implement as the helicopter floor as a whole would have to be made up of many smaller constituent parts, which would ultimately result in a large number of potential stress failure points. 
Aluminium has served the aerospace industry well since its introduction, with its high tensile strength, toughness and stiffness compared to other metals. As it also uses well-established production processes in CNC machining and forging the manufacturing capabilities for high-volume production are the best of the considered materials. While there are design limitations for reductive machining when compared to more modern processes, these can be worked around to produce high-performance parts. Where aluminium ultimately loses out however, is in its high comparative weight cost; because a large number of these helicopters would be operated by the end customers, it is more cost effective to pay a larger initial purchase fee for lighter aircraft and save on long-term running costs due to reduced fuel requirements than it is to use a cheaper material to save on the initial purchase. The increased performance characteristics of composites compound this saving, as better performing aircraft have an inherently higher survivability factor when applied in military scenarios, and less aircraft requiring repair or replacement will reduce product lifecycle costs further. 
Because of these reasons and the properties detailed in the previous section, the final material choice for the intended aircraft is prepreg carbon fibre composite. A tensile strength and Young’s Modulus a whole order of magnitude higher than that of aluminium, coupled with a 45% weight saving mean that despite the added cost and difficulty of manufacture the performance characteristics are simply worth the investment. In a military setting where performance can literally mean the difference between life and death, carbon fibre offers levels of performance, safety and long-term cost savings that other materials cannot match.  
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