
University of Wales Trinity Saint David 
School of Engineering 
Manufacturing Process and Material Selection
Materials and Introduction to Manufacturing M4X01163
Courteney Peart
1910902
16/01/2020
Contents
1	Abstract	2
1.1	Introduction	2
2	Additive Manufacturing Processes	2
2.1	Stereolithography (SL)	2
2.2	Selective Laser Sintering (SLS)	2
3	Additive Manufacturing in Industry	3
4	Conclusion	4



[bookmark: _Toc31612541]Abstract
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). 
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In this report I will be outlining the use of additive manufacturing processes in industry, comparing the conventional manufacturing process of a component to how its improved with the use of additive manufacturing. 
[bookmark: _Toc31612543]Additive Manufacturing Processes
[bookmark: _Toc31612544]Stereolithography (SL)
Stereolithography is a prototyping process used to create 3D objects. Photosensitive liquid resin (plastic) us converted into a solid when exposed to UV light. The apparatus used is a Stereo-lithograph which has 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 initially, 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: _Toc31612545]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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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. The 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 had to be screened by a trained professional in order to create an audiogram which covered a variety of parameters, a silicone mould (impression) of the patients outer ear is also 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. 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 then 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 resulting in pressure points that cause discomfort when worn. 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. 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 CAD and be manufactured using a 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 enables changes to be made at any stage without affecting the integrity of the final product if necessary (Pirzanski, 2006). An accurate impression of the ear is necessary to making a hearing aid shell. A 3D scanner scans the ear impression using a laser light source at numerous angles, the impression is processed by a computer that enables a technician to design a virtual hearing aid shell to the exact fit of the impression.
The technician is able to make appropriate modifications to create the right shell, parts of the virtual impression that are not required 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, ensuring they will all fit into the shell during the final assembly (Pirzanski, 2006). 
There are two 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 to form 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). 

[bookmark: _Toc31612547]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 use 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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