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The component I have chosen to look at using additive manufacture to produce is castell keys. Something I use very frequently in the work place typically used to isolate machinery so the operator or technicians can access the machinery. ‘Trapped key interlocking ensures that a process is followed and cannot be circumvented or short cut. The transfer of a key ensures that wherever personnel find themselves, in either starting or shutting down operations, they can be assured that they are safe. [1]’. Essentially the castell keys are put in place as an easy way to isolate machinery and forcing the user to follow a set order of steps to ensure safe access. These castell keys however are typically sand casted which can mean they are very brittle and due to them being so frequently used have a high risk of breaking and deeming a machine unusable until they are replaced.
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[bookmark: _Toc31982446]Traditional and Additive Manufacture
[bookmark: _Toc31041123][bookmark: _Toc31982447]Traditionally when manufacturing a product a company would look to over produce a product and keep it in reserve in case of a sudden spike in demand so that they can quickly adapt to the new demand.  ‘Traditional manufacturing refers to manufacturing principles focused on producing a certain set number of products each period and holding a reserve in case of unexpected demand or shortages [2].’ traditionally when manufacturing a product a company would look to over produce a product and keep it in reserve in case of a sudden spike in demand so that they can quickly adapt to the new demand. The problem with holding stock is that if the demand isn’t there for the product it can be hard to turn the asset into liquid. This can apply to castell keys because due to the fact they are brittle they will often overproduce and hold a stock in the event one is to break. ‘Traditional manufacturing methods, by contrast, are subtractive in nature. Subtractive manufacturing involves removing parts of a block of material in order to create the desired shape. [3]’. This again applies to the castell keys as after they are cast they will need to be worked down to the specific shape and to interlock with the barrel which will only accept a specific key. 
On the other end of the scale we have additive manufacture. ‘Additive manufacturing is the process of creating an object by building it one layer at a time. [4]’. This basically means that there is far less waste when producing through these methods as u typical only deposit the amount of material you actually need on each given layer, meaning less removal of excess material at the end of the manufacturing process. Another benefit of additive manufacture is the strength that is added to the material due to the way it is made. This allows the material to be far less brittle which is a massive issue with the current state of the castell keys. This being because of the sand casting method and the harsh work environment it is not a rare occurrence for the castell keys to break and the machine to be unusable until the key is replaced.
[bookmark: _Toc31982448]Current Sandcasting Method of Manufacturing Castell keys

Metal casting is a process of creating moulds and then pouring molten metal into the moulds before leaving them to solidify. Once solidify you then have a casting from the mould you created. ‘In sand casting, sand is used to define the cavity inside a mould. In addition, sand is used to make any cores that are contained in the mould. The molten metal solidifies in the cavity between the interior of the mould and the exterior of the core [5]’. The first step into sand casting is creating a pattern this is used to create the shape needed on the exterior of the casting before the mould is filled. If the casing needs to be hollow then a core will be used to allow for the hollowing out of the cast, in creation of the castell keys there would be a core to allow for the hollowing of the actually key section of the castell key. To sand cast you will then need to produce a core usually made up of sand like mixture compounded with water and adhesives before being backed and forming a core this will then sit inside the mould during the casting process. You will likely need a unique core for each castell key to ensure it resembles the barrel it will be turning. This would mean constantly having to change cores when casting different keys. Then the mould needs to be created. ‘Moulding is the multi-step process in which moulds are created. In horizontal casting, the mould is contained in a two piece frame, called a flask. The upper portion of the flask is called a cope and the lower portion is a drag. First, moulding sand is packed into a flask around the pattern. After the pattern is removed, gating and runner arrangements are positioned in the drag half of the mould cavity and the sprue is placed the cope portion. Gating systems are necessary for the molten metal to flow into the mould cavity. Cores are also placed in the drag portion of the mould if they are needed. To finish the mould, the cope (top) section is placed on the drag (bottom) section, and the mould is closed and clamped together [5].’ When creating a mould for a castell key the likely hood is that the mould can be kept consistent and it would just be the core that would need to be altered. This would save on the waste of constantly getting rid of moulds. After this point once the mould and core is ready to be filled with molten metal in this case it would be stainless steel for the castell key. The metal is poured into the cast and left to set before being removed. At this point called the cleaning this would be the removal of all gating systems from the casting removing any excess material before then giving the product a final finish.
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One of the key issues with using sand casting is the lack of strength in the final product. ‘Low strength – Low material strength due to high porosity compared to a machined part [6].’ This is a major floor because it means that the key can be very easily broken or damaged.  If the key were to break we would not be able to de-isolate the machine deeming it unusable until a new key were to be cast. This wouldn’t be such a massive issue if the environment they were used in wasn’t heavy industry where things have a tendency to be knocked and damaged. Another issue with sand casting is low dimensional accuracy. ‘No-bake moulding can deliver better dimensional accuracy and repeatability than green sand moulding, but this process will, on average, provide less precision than other common casting processes [7].’ This again can be an issue because in the event we do need a replacement key there is a chance that the dimensions could be slightly out deeming it useless. It could also mean that the manufacturer may have to make several copies wasting time and materials. In addition to this sand casting regularly results in a poor surface finish, this means that the product then needs to be further worked after being cast driving up cost and increasing the chance of damage due to the material being very brittle.
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3D printing is an additive manufacturing process of making 3D solid objects from a created digital file. Essentially a 3D printer is able to look at a schematic for a given object and deposit material in a cross-sectional area of an object and build it up layer by layer to create the given object. 
3D printing is now a very easily accessible tool which is a massive benefit because this also makes them far more affordable than when they first came out. This meaning that it is a plausible investment to replace sand casting methods, where as previously it would have been far too expensive and option. In addition to this another benefit of using 3D printing is an high quality output, ‘3D printing allows the step-by-step assembly of the object, which guarantees enhanced designs and eventually better quality objects [8].’  This is a massive benefit to using 3D because it means that there will be less extra processing needed after it has been printed compared to being cast as well as the fact that there will be a dramatically lower chance of the key having to be re-printed due to higher dimensional accuracy when compared to sand casting.
Another benefit of sand casting is the cost over the long term. Labour is always a big driver of cost and by switching from a method such as sand casting to 3D printing it will allow for a great reduction in labour cost saving the business a lot of money over the long haul. Hand in hand with this comes a vast decrease in risk of danger to human health. With sand casting dealing with hot materials runs a big risk for major burns and injury. While on the other hand 3D printing is often done remotely with minimal hands on interference from the operator greatly reducing the chances of injury occurring.
[bookmark: _Toc31982451]However there are draw backs to 3D printing, such as the fact that the initial cost of making the change over will be very expensive which may inherently price some businesses out of the market. Another issue to 3D printing is the presence of counter fitting, if a rival company were to get hold of the blueprint for a particular castell key they would be able to manufacture the key to the exact same specifications and potentially cut into the profit margins of the original creator of the product. Not suitable for mass production, a drawback of 3D printing is that when it comes to high production volumes it is often trumped by things such as injection moulding, there for if a company were to look at mass production 3D printing would likely not be the best method of production.




Conclusion
The main issue with castell keys as of current is the fact that they are very brittle and in a heavy manufacturing company such as TATA Steel, this is a huge design floor. The nature of the industry calls for tough and durable components and if a castell key were to break which they have been known to do it can cause a machine to be unusable for days until a new key is manufactured. This over the course of many years can result in a net loss of thousands to a business like TATA that concentrates on mass production.
Even though the current process of sandcasting works fine the turnaround time for a key replacement is two slow and if the cores were to get damaged then it could increase the production and delivery time further. This is why I have decided the best decision going forward would be to change to a 3D manufacturing process; although the start-up cost would be higher in the long run the reduction in labour costs and less waste material would result in good long term savings for the business.  Not only this but by swapping it means the keys will become far more durable meaning that a key would be less likely to break meaning that the machinery reliant on castell keys to function would likely have a better average output over a given year. Finally there is scope to massively reduce the turnaround time for a broken or lost castell key from a few days to just hours. There is potential for a 3D printer to be located on every site that requires castell keys to function, this would then allow the business to print castell keys remotely 24/7 which is perfect for a business such as TATA that works consistently through the holiday periods of other businesses. In addition some in-house training could be given to the senior ops of each area in the event a 3D printed castell keys needs some minor post processing. This rapid increase in turnaround time for production of castell keys would likely save a business like TATA thousands of pounds over the long run due to much lower rates of loss of production due to lost or damaged castell keys.
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