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Introduction
In this report I will explain how two manufacturing methods are used and how they function. The methods I have chosen are 3D Printing and Abrasive Water Jet Cutting. I have chosen 3D Printing as I find it fascinating and also because it is a vital tool in our developing world, I have chosen Abrasive Water Jet Cutting as it is a manufacturing method that I was interested in seeing how it works. In this report I will also explain the science and uses behind a material group, the material group I have chosen to research are Shape Memory Alloys and Polymers.
Manufacturing Methods 
[image: ]3D Printing
[image: A schematic diagram of a 3D printer | Download Scientific Diagram]The first 3D Printing machine was patented in 1986 by Charles (Chuck) Hull, this machine was an SLA machine after it was first invented in 1983. However, 3D printing has only become a mainstream method of manufacturing recently due to developments in the machinery, these developments come in the form of the costs, materials available to be printed and the speed of the process. The process is a way of turning a coil of plastic or another material in powdered form into a product or prototype. It is a faster, more accurate and easier method of manufacturing small and intricate parts. 3D printers can be thought of as inkjet printers, they print many small layers down on the same area to convert a CAD image (Computer Aided Design) into a 3D model or part. The plastic is in filament form, filaments are usually standard diameters of 1.75mm or 3.0mm. The printer works on 3 different axis, X,Y and Z (up, down, left and right) this allows the user to print whatever shape, size or geometry that they need, the printer layers down a molten plastic or spreads a powder, the material that has been chosen is coiled up on the back of the machine or in hoppers to the side of the print bed if in powdered form, these coils are interchangeable, each coil could have a different type of plastic with different melting points or viscosities, diameters of the filaments or colour for example. The material is fed through a pipe system to the extruder and then heated up to a temperature at which it can be extruded through the nozzle that then lays the material down onto the bed of the printer, each layer then solidifies and a new layer is printed on top. Printing a model can take a few hours or even days but it is cheaper, faster and more accurate than manufacturing that product by hand processes. The technology has developed since it was first introduced, materials such as steal, wax, titanium and silver are amongst many that can be printed with, this allows you to manufacture a larger range of products using this technology. 3D printing technology is also very important in the medial industry, doctors, surgeons and researchers can use the printer to produce exact copies of a patients’ organs to plan and practice surgeries. There are a few different methods of 3D printing, the main types are SLS (selective laser sintering), FDM (fused deposition modelling) & SLA (stereolithography). In the FDM method water-soluble materials are used to support the structure of the part that is being printed, the printer lays the water soluble material down for the main material to be printed on top of it, after the printing is complete the part is submerged in water to dissolve the support material in order to show finished the part. Ulitmaker PVA (polyvinyl alcohol) is an example of the water-soluble support material, using materials like these allows you to print complex shapes that require support more easily. The SLS manufacturing method uses a powder layered onto the bed, a roller then spreads this powder evenly along the surface, a laser then scans the area that the model requires, the scanned area of powder then solidifies and the roller spreads a new layer of powder along the surface for the laser to scan, this process is repeated until the final shape has been produced, the block is removed from the machine and the unscanned material can be easily removed. The SLA method uses ultraviolet light to solidify photopolymer in a liquid state, the next area is coated with more of the photopolymer and the process repeats until you have a finished part. In order to use this technology, you must have the ability to use the computer design programme, this is necessary to print your design. You must also have the ability to choose the correct material for the function that the part of going to be used for. 3D Printing means that less material will be wasted in the manufacturing of products, this is because hand and other automated processes mostly involve the removal of material to produce the end product but 3D Printing means that can be reduced to a minimum. 3D printing is a very cost-effective process after the initial cost of the machines which depending on size can be expensive. This is because once the product has been designed on the CAD software and sent to the printer the operator can use their time on other projects or tasks whereas an operator creating the same product using hand tools or CNC machinery will have a far higher labour cost. 
[image: ]The technology has developed so far that you are now able to print food products which could play a vital roll in food production in the future. Companies such as Natural Machines and Bee Hex believe that the technology isn’t far from widespread availability and it could be ready within the next few years. This technology could be used not only in the home environment but professional kitchens and restaurants. 

Abrasive Water Jet Cutting 
[image: Pressure matters in abrasive waterjet cutting]Abrasive water jet cutting is used to cut through hard metals, stone and thick plastics, these materials may not be able to be cut by mechanical processes due to their hardness. The water jet machine is built up of many components, inside the gun is where the water is mixed with the abrasive particle, this mixture then travels down toward the target material and cuts through. In abrasive water jet cutting the abrasive is the cutting media whereas in pure water cutting it is the water that cuts. The water is only there to accelerate the abrasive toward the material. The materials are a set distance below the tip of the jet, this distance, speed of the cut, quantity of abrasive media and the velocity of the water abrasive mix all determine the cutting ability of the jet. These are all variables that can be altered to allow the jet to cut through different materials. Garnet is a material that is used as the abrasive, this is because when it is fractured into smaller pieces, each piece has sharp edges and is very hard, on the MOHS scale which measures hardness, where diamond (the hardest material known) measures 10, garnet usually falls between 7.5 and 8.5. This makes the material a very reliable cutting abrasive, another reason it is a great material choice is because it is it both durable and the correct density to maximize cutting efficiency. Garnet is also very cost effective, it can be manufactured but can also be mined, for the use in water jet cutting it is mined, it is found in underground mines as well as open mines on the coast. Before it can be used for water jet cutting it has to be processed, this processing includes crushing to the specific size and washing it. While abrasive water jet cutting is used for the harder and thicker metals, regular water jet cutting can be used for softer and thinner materials such as rubber, plastics and certain metals. In the food industry regular water jet cutting is used as there aren’t any impurities such as the abrasive material in the water which means that the finished part is clean. [image: ]While cutting materials using abrasive water jet cutting, there is a high likelihood that you will end up with a tapered finish. The shapes of taper that will occur are the ‘V-shaped taper’, ‘reverse taper’ and ‘barrel taper’. The ‘v-shaped taper’ happens as during the cutting process the jet loses cutting power, so more material is cut from the top of the material. This shape normally happens as the cutting speed is high and because the velocity of the water is also high. The ‘reverse taper’ is when more material is cut from the bottom of the material as opposed to the top, this usually happens when cutting softer materials. The ‘barrel taper’ is when the thickest cut is in the middle of the material, this happens when cutting a thicker material. Other tapering effects can occur, but they aren’t due to the physics of water but due to the calibration of the machine. The ‘v-shaped taper’ can be used to your advantage by flipping the top side of the materials, this allows the two parts to fit together tightly but if accuracy is of the highest importance then there are steps that can be used to reduce the tapering effect, for example cutting speed can be reduced which would reduce the taper but not fully. Reducing the cutting speed however isn’t the most efficient way of getting a highly accurate finish for the time taken. Using a cutting head with the ability to tilt means that when cutting the head can be tilted in the opposite direction to offset the natural taper due to the water, this means that the finished surface will be less tapered. Predictive software can also be used to fight the tapering effect, this software shows the tapering effect along the cutting path, the software takes the type of material, thickness of the material and the desired edge finish into account to show the best way to combat the tapering effect. The software is constantly calculating the position of the cutting head and where it should be to achieve the best finish. If an articulating head isn’t available then there are other ways to combat the taper, you can either speed up or slow down the cutting speed. Stacking sheets can also be done to reduce the effects as the effect is most pronounced in sheets less than 3mm thick, software can be used to calculate the best number of sheets to stack to produce the best finish. Another factor that makes abrasive water jet cutting efficient is that it is a cold process which means that there will not be any deformation, hardening, tearing or melting due to heat which means that the finished product is going to be of high quality and will have less imperfections. Pressure of around 4000 bar can be achieved by using a high-pressure water pump, this means that it can be used to cut almost any material. 


Materials 
Shape Memory Alloys and Polymers
There are many uses for shape memory alloys including the frames for glasses, springs used as actuators or dampers and the wires for braces. There are only a few alloys that can be used for these purposes, the most common is Nitinol which is an alloy made up of equal parts Titanium and Nickel. When you bend a shape memory alloy at room temperature it will be in the martensite phase, when heated it will change to the austenite phase and will return back to the shape its previous or original shape while in the martensite phase. The reason this is useful is because if the frames were bent then that damage can be reversed without having to replace the frame at all. Shape memory alloys are also used in springs, this is because as the spring is heated it changes size. In the high temperature austenite phase the Young’s Modulus is three to four times as large than when it is in the low temperature martensite phase. This means that the SMA (Shape Memory Alloy) springs are very useful for applications in damping as they have the ability to alter their spring constant and recovery stress or memory effect.
Shape memory polymers can be used for many medical applications such as dental wires and surgery tools where shape memory alloys are currently used. SMP (Shape Memory Polymers) are similar to SMAs in the fact that they will return to their original shape when heated. They can also be used in car seat belts as they can absorb kinetic energy which increases safety. Three of the most commonly used types of shape memory polymers are polytetrafluoroethylene (PTFE), polylactide (PLA), and ethylene-vinyl acetate (EVA). 
Metal alloys such as Nitinol were researched before their polymer counterparts, the polymers that we have now researched have advantages over the alloys as their ability to increase in size is much greater, they can double in size as opposed to the 5% increase in Nitinol. The polymers are also softer which means that when used in medical applications they are less likely to damage surrounding tissue. The memory polymers are more cost-effective than the memory alloys, have lower densities and are easier to process than the alloys. In some applications they also have superior mechanical properties over the alloys. 
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