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Module: Materials and Introduction to Manufacturing
1: Manufacturing methods – example 1
A brief History of 3D printing
3D printing itself has been around for almost 30 years, beginning in 1984 with Charles Hull, who later went on to co-found 3D Systems in 1986. By modifying technology used in traditional two-dimensional inkjet printers, Hull created the first 3D printer, patenting the method of stereolithography (SLA) and introduced the industry to additive manufacturing. SLA printing began the additive manufacturing revolution and remained the main 3D printing process until mid-1980 when Dr. Carl Deckand and Dr. Joseph Beaman, with sponsorship from DARPA, developed and patented Selective Laser Sintering (SLS) (Horvath, 2014). 
What is 3D printing and how does it work
3d printing is one of the most revolutionary technologies of the 21st century, the technical term for 3D printing is Additive Manufacturing. However, the public almost exclusively uses the term 3D printing. It is a process whereby a 3D design is turned into a real object. First, software is used to slice the 3D design into layers, and then the design is printed layer by layer on a 3D printer. Because each object is built up uniquely, 3D printing is great if you want to make unique and customized items or small series of objects. The first commercial 3D printers were intended for use in rapid prototyping. By incorporating 3D printing into the design life cycle, engineers could reduce both time and cost between product revisions (Stokes, 2013). There are many different more specialised 3d printing techniques available but the 4 most common varieties are:
· FDM (fusion deposition modelling) the most common type of 3D printer, the material is fed from a spool through an extrusion nozzle where either the nozzle or the platform is moving, so as to again trace the cross-section of the desired part at the given layer onto the platform. The nozzle has control to turn the flow on/off and in general applications, the nozzle is heated to melt a thermoplastic material, which immediately hardens, solidifying to the layer below it. This process can be seen in the following image (Stokes, 2013). Two general hazards should be noted when working with fused deposition modelling (FDM) printers: mechanical hazards, such as hot extruders and motors; and emissions in the form of outgassing and ultra-fine particles produced during the filament melting and extrusion process (B.Stephens, Azimi, Orch, & Ramos, 2013).

[image: https://static.packt-cdn.com/products/9781783550753/graphics/0753OT_01_03.jpg]

· SLA (Stereolithography) an ultraviolet laser traces the cross-section of a part onto the surface of a vat containing an ultraviolet curable photopolymer resin. The resin exposed to the light will cure and solidify, sticking to the layer below it before the platform descends by a set distance and more liquid resin is added to the vat. This process will repeat for each subsequent cross-sectional layer until the three-dimensional part has been created. The following image illustrates this process (Bartolo, 2011). The liquid resins used in the Stereolithography process are toxic to the environment, also harmful to skin, eyes and respiratory system. Use of protective goggles and nitrile gloves when handling SLA resin also a well ventilated area is required when is use (griffin, 2020).
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· SLS (Selective Laser sintering) fuses small particles of material (plastic, metal, ceramic, or glass) using a high- powered laser. The technique is similar to SLA printing in such a way that the laser traces the cross-sectional shape before a platform descends. Perhaps the biggest advantage of SLS printing is that the granular material supports the top layer of material, giving rise to part geometry not previously possible using SLA printing without some sort of supporting structure created underneath the model (Gems, 2015). SLS printers are inherently dangerous, messy and difficult to engineer. While the laser in an SLA printer is comparable to one in a Blu-ray player, an SLS laser is powerful enough to be dangerous to any human who comes in contact with it. And the design of an SLS printer generally involves pistons, rollers and gas chambers (Brewster, 2014).
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· Photopolymer jetting printers jet liquid build and support resins from individual print heads, which are then immediately exposed to UV light for photopolymerisation to generate the solid and hollow sections, respectively of the individual layers. The build resin is polymerised into a solid material, and the support resin into a gel-like material. The completion of each layer is followed by the lowering of the build platform to repeat the same process for the following layers. The print object is detached from the platform and the support material is removed by washing with a suitable solvent. The photopolymer jetting technique is commonly known as polyjet printing (Gupta, Nesterenko, & Paull, 2019). Partially cured and uncured PolyJet material is classified as hazardous industrial waste. Prolonged direct contact may cause skin sensitivity and an allergic reaction. Printer waste must be handled safely and disposed of in a manner that prevents contact with people and contamination of water sources (technologies, 2014).
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Personal Protective Equipment (PPE)
Depending on the 3D printing process, the support material and removal processes, and all associated chemicals and materials, the following personal protective equipment must be considered. Required PPE for each specific 3D printer must be documented.
· Eye protection – safety glasses, goggles or face shields appropriate for the chemical hazards must be used, particularly when loading liquid monomer reservoirs or using caustic cleaners.
· Gloves – 3D processes may involve hot surfaces such as the print head block and UV lamp. Sharp or rough edges, pinch points, may also be involved. In additional to these physical hazards, irritating plastics, corrosive chemicals chemical resistance must also be considered when selecting glove(s) for 3D printing tasks.
· Flame Retardant (FR) lab clothing – Powdered metal printing with reactive metals or flammable polymers or monomers may present a fire or explosion risk. FR gloves, lab coats, coveralls, head shrouds and face shields with appropriate static grounding may be needed.
· Respirators – Powdered metal printer manufacturers recommend using powered air purifying respirators (PAPRs) with an FR hood, particularly when loading, levelling, changing filters, extracting or cleaning that involves pyrophoric and reactive materials. If negative pressure respirators are worn, they must be suitable for the emissions generated and users should be fit tested to assure protection.

Future implications for 3D printing
The applications for 3D printing are ever-expanding as new companies push the boundaries of current technology. We are 3D-printing structures impossible to ever duplicate using modern manufacturing, as we push the envelope of efficiency. 3D-printed clothing, shoes, accessories, and jewellery allow us to truly express our individuality, while 3D-printed guns call into question current laws and regulations. 3D-printed musical instruments allow us to create new musical dynamics, and 3D printing on the nanoscale is opening doors to new stronger, lighter materials. 3D printing has the potential to democratize the production of goods, from food to medical supplies, to great coral reefs. In the future, 3D printing machines could make their way into homes, businesses, disaster sites, and even outer space.
1: Manufacturing methods – example 2
Abrasive Water Jet Cutting (AWJC)
 The cutting technology by a jet of water (high-pressure water erosion) was firstly introduced in the middle of 1800s to cut rocks and for mining applications. Many years later, sometime around 1950, this technology was used for cutting soft materials like paper. In the 1980s, abrasives as media were introduced in water jet to enhance the process efficiency. Motion control systems and process flexibility were the major developments as regards to this technology during 1990. Since then to now, a series of developments to accomplish machining hard and brittle material. Manufacturing typical shapes and micro-products, cleaning and polishing, and for developing biomedical, scientific, and electronic components. Electrochemical slurry jet machining. AWJC with ice particles as media, innovations in nozzle design, mixing polymer additives in abrasives, and process parameter optimization, etc. are some of the major aspects of research, developments, and innovations in this technology. Abrasive water jet machining is an extended version of water jet machining where
abrasive particles such as aluminium oxide silicon carbide, or garnet are contained
within the water jet with the purpose of raising the rate of material removal beyond
that of a water jet machine. Abrasive water jet machining process can be
employed to a wide range of materials that are soft from rubbers and foam to hard
brittles ones like metals, ceramics, and glass. With movements that are computer
driven, the cutting stream is therefore allowed to make objects efficiently and accurately. Materials that are difficult to cut through thermal cutting or by laser cutting can ideally cut through the AWJC process (Jagadish & Gupta, 2019). Below is a schematic diagram of an abrasive water jet cutting machine setup -
[image: ]
A typical abrasive water jet system consists of a pump system of high
pressure, a catcher unit, abrasive feed system, a position control system, an abrasive
water jet cutting head, and a water supply system.
This manufacturing technique operates on the mechanical erosion principle in
which acceleration of abrasive slurry through a high-pressure fine jet is used to cut
the material of interest. Water jet velocity together with an abrasive is on
average equivalent to 300 m/s, while in other special applications the water jet and
abrasive velocity go up to 900 m/s. High kinetic energy of the mixture results from
the high velocity leading to rapid erosion of the work piece targeted.
An abrasive water jet machine normally has an operating pressure of roughly
300-450 MPa, and this is sufficient to result in water jet velocity as high as 900 m/s.
A rise in kinetic energy of water jet mixture is due to an increase in water pressure,
leading to increased momentum that transfers to the abrasive particles, and the target
material is cut by the impact and momentum changes of the abrasive material. The high-velocity abrasive water jet possesses the ability to cut different types of
materials including metals, composites, ceramics, and rocks.
The removal of material occurs through erosion wear on the upper surface and
is then followed at lower regions of work piece being cut by wear deformation (Jagadish & Gupta, 2019). 
Advantages and disadvantages of AWJC
The main advantages of waterjet cutting are a high pressure pump that increases the water pressure to about 4,000 bar. This allows it to cut almost any material. The nozzle that adjusts the water jet very precisely and in a targeted way so that it can cut accurately. This nozzle can be equipped with an abrasive mixing line to mix it with the water. Cutting tables that help to adjust the position of the nozzle for even greater precision. A pre-set configuration panel that can be used to automatically create the cutting shape. The cutting process is cold, eliminating the risk of melting, tearing, hardening or deformation. The absence of heat and dust creates an even safer and environmentally friendly working environment (Resato, 2015) Disadvantages of Waterjet Cutting, while the waterjet cutter can cut most of the same materials, very often the cutting takes longer than a traditional cutter. More time cutting means less output. Low quality waterjet orifices have a tendency to break down and disrupt cutting, resulting in lost time and productivity. The thicker a material the further the stream is away from the nozzle at its point of impact. A less consistent impact from waterjet changes the cutting accuracy from top to bottom. Often, the jet can spread and make more of a diagonal cut than a straight up and down cut. In the beginning, finding and implementing the additional abrasive materials, like granite, to increase the efficacy of the cutter can by very expensive compared to a simple plasma cutter (Works, 2020).
2. Materials
Memory Metals
Memory metals were first discovered in 1932 when Swedish researcher Arne Olander studied the properties of a gold-cadmium alloy. This alloy is very expensive, but over the years other alloys have been found to have similar properties. A memory metal is an alloy that remembers" its original shape. If the material has been deformed it will regain its original shape when it is reheated or left alone. Today, most memory metals are alloys of nickel titanium and aluminium Memory metals can also adopt two different shapes depending on their temperature. We call these smart memory metals, a force can also be applied to change the shape from one form to another. Another type of memory metals. – Called ferromagnetic shape memory alloys (FSMA)-change shape under a magnetic field. These materials change shape very quickly and are raising a lot of interest in the research world (Walker, 2007). All metals adopt a lattice structure that is regular and closely packed together. Memory metals can adopt one of two different crystal structures due to the proportion of different alloying metals that are added. When a smart memory metal is in its lower temperature form, it can usually be bent into different shapes. As the alloy is heated, it transforms into its other state, but it remembers the original crystal structure that it had. On cooling, this structure and shape is reformed. Memory metals are described as having a great deal of super elasticity which can be used in various applications such as-
· Medical issues such as blocked blood vessels where memory metals with transition temperature close to body temperature can be placed inside locked vessels, the metal will then expand to open up the blockage. 
· Fire security pipes that carry flammable and toxic liquids can be programmed with memory metals that shut the system down automatically in the event of a rise in temperature, avoiding potential disaster. 
· Dental wire for braces made from memory metal, keep their original shape, despite force and tugging.
In the future
 Shattered bones are usually pinned back together using stainless steel. But scientists say that bones could heal much faster using a different metal alloy. The disadvantage of stainless steels that it does not hold its shape and bones can move out of place and heal
badly Researchers at Ohio State University in the USA claim that nickel-titanium alloys will help the bones to heal much faster. The alloy is first cooled and then, wrapped around the damaged bones. As the alloy heats up to body temperature it returns to its original shape and exerts a constant pressure on the damaged bones. The researchers used cylinders to represent broken bones and wrapped their alloy around them over a period of six weeks. They found that stainless steel was unable to cope with bone movement but the nickel-titanium alloy performed very well (Walker, 2007).
An example of a memory metal would be Nitinol(NiTi), It was developed by the U.S. Navy and stands for nickel titanium alloy. This metal is particularly useful for medical applications because it has thermal memory. This property allows stents to be made at a certain diameter, cooled, and then compressed onto a delivery system. When the stent is deployed at body temperature, the stent attempts to regain its original configuration and diameter. A Nitinol stent that is slightly oversized (by approximately 20%) with regard to the vessel exerts an outward force to keep the vessel open as the stent attempts to regain its original diameter. NiTi shape memory alloy also exhibits two different temperature-dependent crystal structures or phases, named Martensite, low temperature phase, and Austenite, high temperature or parent phase. When martensite NiTi is heated, it transforms into austenite (Ratner, Hoffman, Schoen, & Lemons, 1997).
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