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Additive manufacturing is the process of three-dimensional parts being constructed by adding layers of materials on point, line or planar surfaces (Qin, 2015). Additive manufacturing allows physical components to be made from virtual three-dimensional computer models by building the component layer-by later until complete. Additive manufacturing starts with no material and builds the part one layer at a time by printing each new layer on top of the previous leaving little if not no waste material (O.Diegel, 2014). 
Different types of materials can be used in additive manufacturing processes, such as polymetric, metallic and ceramic materials. The type of material that is required to be used has a direct association with the type of additive manufacturing process that is used to create the desired component. 
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Rapid prototyping is the process of quickly producing physical scale models as well as functional prototypes directly from computer aided design (CAD) models. Rapid tooling is the production of tooling using inserts. A large advantage to the rapid prototyping and Rapid tooling is it reduces the development cycle. These processes enable the user to produce a tool or product at a quick pace and be able to assess the tool’s or products processing performance before going into production (Dominick V. Rosato, Matthew V. Rosato, Donald V. Rosato, 2007). There are two rapid tooling techniques, indirect and direct. The indirect technique uses master patterns produced by additive manufacturing to produce a mould or die. The most common processes are the ‘soft tooling’ techniques, developing silicone mould for investment casting of metal parts (Kotnis, 1999). Direct methods produce the core and cavity mould inserts (Kruth et al., 1998). The asset of the process is its ability to construct tools with otherwise unrealisable geometries (A.J.Pinkerton, 2010). Both rapid prototyping and rapid tooling are means for compressing the time to market of products therefore making the technology competitive enhancing. Rapid prototyping is used in various different sectors, the main one being in motor vehicles followed by consumer products. However rapid prototyping is also used in medical and academic sectors. 
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Stereolithography provides great accuracy and a fine surface finish to its finished product. Stereolithography has a high resolution, and is commonly used as patterns for silicone tooling (Anon., 2015). Stereolithography is one of the most widespread prototyping technology used to create 3D objects using a stereolithograph apparatus (SLA) which converts photosensitive liquid resin (plastic) into a solid polymer when exposed o UV light. Stereo-lithographs have four main important features, a tank that is filled with photopolymer (liquid plastic), a punctured platform that is lowered into the tank, an ultraviolet (UV) laser and a computer controlling the platform and laser. 
A thin layer of photopolymer is exposed above the punctured platform in the initial step, the UV laser then hits the perforated platform and starts “painting” the pattern of the object being printed. The liquid instantly hardens when the UV laser touches it, forming the first layer of the 3D printed object. The platform is lowered which eposes a new surface layer of liquid polymer once the first layer has hardened. The laser then traces the next cross section of the object being printed, this instantly binds to the hardened section beneath it. This process is repeated until the whole object has been developed and is fully submerged in the tank. Once complete the platform is raised and the object exposed. In order to remove excess resin the object is rinsed with a liquid solvent, the object is then placed in an ultraviolet oven to further cure the plastic (Palermo, 2013 ).
[bookmark: _Toc30780773]Selective Laser Sintering (SLS)
Selective laser sintering is the process of forming 3D objects from powders using atomic diffusion. The powder material which is used to form the objects are most commonly plastics such as nylons. A thin layer of the powder material is dispersed in a thin layer on top of the build platform which is inside an SLS machine. The fine powder is then heated by a carbon dioxide laser, the entire platform is heated to just below melting point this helps to minimise thermal distortion and enables fusing to the previous layer formed. Once the initial layer has been formed, the platform of the SLS machine is lowered by less than 0.1mm in order to expose the next new layer of powder for the laser to trace and fuse together. This process is continued until the desired object has been successfully printed. The finished product is left to cool in the machine before it is removed (Palermo, 2013 ). 
An advantage to the SLS process is that the objects that have been printed require little additional tooling once they come out of the SLS machine, nor does it require the use of additional supports to hold the object together while it is being printed making it a faster process than stereolithography or fused deposition modelling (Palermo, 2013 ). 
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Multi Jet Modelling uses inkjet printing technology and is also a powder-based additive manufacturing process that uses lamps instead of lasers to heat and melt polymers. Fusing and detailing agents are jetted on the polymeric particles to modify and control the heat absorption and therefore selectively melt particles (Haoyuan Quan, Ting Zhan, Hand X, Shen Luo, Jun Nie, Xiaoquan Zhu, in progress March 2020). 
The machine/printer used during Multi Jet Modelling has a print heat with 352 linear jets that deposit thermo-polymer material in consecutive layers of a thickness of 40 microns. The machine acts like a printer where the head shuttles across the x axis developing each layer. Once a layer is finish the platform is moved away from the head on the z axis to develop the next layer.
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Additive manufacturing is now used in many industries such as aerospace, transportation, energy  and consumer products.
The medical industry is one of the largest users of additive manufacturing. One example of the uses of additive manufacturing in the medical industry is the production of hearing aids. 
Patients with hearing impairments require hearing aids to amplify sounds particularly speech. A hearing aid is worn by a patient within the ear canal. A hearing aid consists of a microphone, an electronic amplifier to make the sound louder, an earphone or receive, a ear mould shell that assists sound from the earphone to the eardrum directly or through plastic tubes and a battery. Conventionally the hearing aid was made using hand held tools and required precise movements. The patient must firstly had to be screened by a trained professional, this process required a hearing test of which the results were used to create an audiogram which covered a variety of parameters. During this stage a silicone mould (impression) of the patients outer ear is taken (Anon., 2014).  The oto-block is removed from the impression and the lateral process is cut to make a base. Liquid silicon material is poured over the ear impressions to make a cast which is called the control mould. Next the impression is cut down to an appropriate size, depending on the model, hearing loss and impression size and shape determined how much trimming and tapering is required. The trimmed impression is the dipped into hot wax, the number of times this is done and the temperature of the wax determined the thickness of the coating (Pirzanski, 2006). The disadvantage at this stage is that wax adheres in different thickness at different points of the impression due to it being curved in shape and the wax retaining at different locations. This could distort the true shape of the ear canal resulting in the shell being too loose or too tight yielding pressure points that cause discomfort. The skill of the technician is very important in ensuring an even coating of wax is applied to the impression as excess wax around the canal aperture affects the retention and seal of the hearing aid. The trimmed, waxed impression is then cast in hydrocolloid which is solid at room temperature but liquid when slightly heated. The hydrocolloid will not melt the wax, once formed an accurate casting of the impression is formed. There are two types of material used for the shell of the hearing aid, UV cured acrylic and RTC (room temperature cured) (Kuk, 2004). The impression is heated in 43 degree Celsius water and air is blown through in order to clear impurities. The liquid material (acrylic or RTC) is poured into the heated hydrocolloid impression mould pouring off excess after 10 seconds. A thin shell is left inside the mould. The shell is left to cool for 10 minutes before being removed from the mould (Anon., 2014). Another disadvantage to this method is that shell made using this method may have different thickness due to the portions of the shell where the liquid acrylic stays the longest. This results in an uneven shell being formed resulting in some areas of the shell needing repairs. A flat sanding wheel is used to trim the lateral end of the shell due to excess acrylic being formed. A vent now has to be installed, the technician drills a hole in the receiver end and a wire of the desired dimensions is ran through the shell to the correct location. Liquid acrylic is poured over the wire and left to cure, once cured the wire is removed and the channel vent is created. The technician must now align the faceplate over the shell and glue it into place, edges are trimmed and sharp corners are rounded out in the faceplate. Once all is assembled and glued the shell is buffered. Buffering needs to be carried out by skilled technicians as distortion can be introduced to the shell during buffing. Excess acrylic is removed from the internal cavity of the shell using burrs. Here a receiver is properly positioned and additional acrylic is applied onto the shell to install a wax guard. The electronic module, the battery and the microphone are installed and the hearing aid undergoes quality testing before being given to the customer.
The conventional method would result in a patient waiting up to a week to receive their hearing aid. However by using additive manufacturing the hearing aid can now be completed within a day (Sharma, 2013). 
Hearing aid shells can be designed and manufactured using computer aided design and the be manufactured using 3D printing method. This reduces the amount of stages needed to fabricate the end product of a hearing aid. The steps would only include impression scanning, virtual modelling and shell printing. The three stages are all linked to a computer server that integrate the data from each stage to create the final product, this results in any changes that have to be made can be at any stage without affecting the integrity of the final product (Pirzanski, 2006). An accurate impression of the ear is necessary to making a hearing aid shell. A 3D scanner scan the ear impression using a laser light source. Several digital cameras angled at numerous locations inside the scanner box takes photographs of the ear impression. The digital images that are formed by laser beam that is scanned across the ear impression are processed by a computer where a wide frame of the impression is generated. The virtual image of the impression enables the technician to design a virtual hearing aid shell. Here the technician can make appropriate modifications in order to create the right shell, for example parts of the virtual impression that are not required for the hearing aid can be removed and material can be added to fill in imperfections. The receiver end of the shell and the thickness is specified therefore the technician is able to identify the best placement for the other components that are required ensuring that they will all fit into the shell during the final assembly (Pirzanski, 2006). There are two type of additive manufacturing processes that can be used for the production of the hearing aid shells, stereolithography and selective laser sintering. Stereolithography uses photosensitive acrylic resin to make the shells. An advantage of using this material is that it is similar to the conventional material used so the shell can be modified and treated like other acrylic shells. SLA uses a laser to harden the photosensitive resin into shells according to the instructions specified during the modelling stage. Thin layers of material are hardened to form the shell. Once printed the shells are cleaned and cured in a UV oven before having their faceplates and electronics assembled. 
Nylon powder is used as the shell material when using selected laser sintering process. The computer software directs a laser to initially outline the shell one layer at time each being 1/10 mm thick which forms a ring. A carbon dioxide medium is used at which the laser is directed through in order to melt the nylon powder around the ring, this immediately cools and hardens. Shells produced using this method have slightly rougher surfaces than those made using the SLA process this is due to nylon melting more readily than acrylic (Kuk, 2004). 
The faceplate and electronics module interface can be specifically aligned according to the specifications outlined in the modelling stage. 

[bookmark: _Toc30780776]Conclusion 
Using the additive manufacturing process to produce hearing aids enables the finished product to be achieved without the need to remove excess material that would be produced using the conventional method. The accuracy in which hearing aids are made as well as consistency has increased due to the used of technology. The production of hearing aids has been increased as SLA and SLS is able to produce 40-80 shells at a given time taking around 2-8 hours to do so. A modeller is able to try out different modification or layouts of component fittings before creating the final product. Using these processes the hearing aids are made with the correct specification without any deviations resulting in a perfect fit for the customer. 
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