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Introduction 
In this report will be going into detail on two manufacturing methods. The methods I have chosen is 3D printing and abrasive water jet cutting. The reason I have chosen these two methods is that I have had experience with 3D printing, and I have been taught and researched water jet cutting personally. I will go into detail about the science behind the method explaining how they work. 
First method- 3D Printing
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My first method that I have decided to research is 3D printing. 3D printing ahs been around for many years now and is sill developing to be able to complete very complex shapes. It works on an X, Y, Z axis meaning that it can cover all angles. The size of 3D printable objects is increasing day by day. 3D printing the manufacturing process of making a solid 3D dimensional shape from a file. (3D printing.com, 2020) The shape would have been created on a design software that is compatible for a 3D printer. On completion the file would then be sent over to the 3D printer which will then allow the printer to create the object requested. The positive of this process is that it allows the user to create more complex shapes that may not be able to be carried out on a CNC machine. 3D printing does the opposite to CNC cutting as it removes the subtractive manufacture of Parts. This means that it removes the process of cutting or milling holes in a manufactured part. 
3D printing has many positive attributes. Although training is required 3D printing allows a company to manufacture parts on a much quicker time scale. If a company has many 3D printers many parts can be completed at once. 3D printing can also allow a company to quickly design a prototype for a future job. As 3D printing is relatively cost friendly, a protype will allow manufactures to get a scaled example of what an upcoming product may look like. (Pearson, 2018) 
As mentioned previously 3D printing is a very cost-effective process. IT allows a company to design and or create a new product without breaking a budget. The price comes down to the operator. For example, if a product was to be CNC machined the operator must be paid for the labour he has done which can be very expensive. Then, you will have to think about the cost to run an industrial sized cnc machine which can be very expensive. Human labour is usually a big portion of a budget to design a product. 3D printing is more friendly towards a budget as it only requires once person to do the design on a software and then import the design to a 3D printer. The 3D printer then does all the work. This is one main reason why it’s a cheaper process. (Pearson, 2018)
With every process there will always come some disadvantages that either increases the cost, effect workers or may affect the overall product on completion. 

One issue with 3d printing is that it uses very high amounts of energy to run. It’s found that its 100 times more energy thirsty than an injection moulding process. A test was carried out by a team to study the effects of long use of 3D printers. They found that direct laser deposition habits nearly 100 times more electricity than a regular manufacturing method. They concluded that 3D printing is best used for small batches. This also means less time running. (Pearson, 2018)
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Another issue with 3D printing is something that depends on the complexity of the product and the size. The time taken to complete the product. As mentioned, the size and complexity of a product can take numerous hours to complete. If the shape that you are printing has obscure shapes and sizes it can increase the time taken even more. Another factor to consider is the material being used to 3D print the object. 
The way a 3D printer works is by having a coil of selected material moving through a deposit point. The head of the printer moves the material using the code that it has been provided with to design the specific component. (Varotsis, 2020)
To be able to have the ability to 3D print you will need a material that s strong enough when cold but also can be flexible when heated up. This is because the material is used in a dragging motion. As the years progress 3D printers are being designed to use more complex materials such as steel, silver and titanium. This will allow manufactures to design and create longer and stronger products on a cheaper and affordable scale. (3D printing basics, 2011)
Although having listed multiple different materials, there a favoured that seems to be popular amongst 3D printer designers. This material being poly carbonate. Polycarbonate is a very versatile material. It has very lightweight and high-performance properties. The plastic has the ability to sustain high toughness and at the same time maintain its high heat resistance and its dimensional stability. One last important property is that this material does not give off any harmful chemicals when being used. It is even safe to use for food applications as there is no posing threats within the material. (BisphenolA, 2003-2006)
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2nd Method- Abrasive water jet cutting
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Abrasive water jet cutting is a type of method to remove or cut parts away from a material. It can be used to cut materials varied from plastics, rubbers and metals. 
[image: An investigation on kerf characteristics in abrasive waterjet ...]Abrasive water jet cutting gets its name from the process in which allows to cut through materials. The high pressurised water contains a type of abrasive particles such as garnet. (Garnet is a type of stone). Garnet is used as it’s such a highly energised material. It has properties such as high hardness and when fractures, causes the edges to become very sharp. (waterjets.org, 2020) There are two types of water jet cutting. Abrasive water jet cutting which is the method of adding garnet stones to the water to add the abrasive property. As said when the garnet stones shatters, it changes the appearance of the stone to give it a sharper edge. The sharper edges will allow the material to be cut more rapidly and easier. (Epping, 2015) In the method of using the garnet stones, it’s not actually the pressure of the water cutting the material but the useful properties of the stone that incisions the material. (Epping, 2015) The efficiency of a cut when using abrasion is down to certain properties. For example, the pressure of the water plus the increased follow of abrasion particles can provide a cleaner cut or allow you to cut through thicker materials.  
Pure water jet cutting which is best used for much softer materials like rubber, fabrics and or metal foils. This method is carried out without the use of the abrasive material garnet. This other form of water jet cutting just uses the pressure of the water and the speed of which it exits the head of the cutter. Pure water jet cutting is found to be popular when used to cut out components that will be used in the food industry. This is because the water that holds the stone particles won’t contain any of the abrasive material that could cause future health problems to the future customer. (Epping, 2015)
Although there are many positives to water jet cutting, the process also has it downsides. The first known issue with water jet cutting is the time taken to complete a job. Although an accurate process, water jet cutting takes very long to cut the desired shape that a manufacturer wants. As mentioned, the water jet process does have the ability to cut through most materials, but when the cutter is faced with a much thicker material, the process slows down by a notable amount. Due to the sacrifice of time, this means that companies that use this process are limited to certain materials due to the time taken to complete jobs that require a thicker material. (MARKETEER, 2016)
Continuing with material selection, another drawback with water jet cutting is the thickness of material. Although it is possible to cut thicker materials, the accuracy and time taken is greatly sacrificed. When cutting a thicker material, the nozzle that the water deposits from moves away from the material surface. This means that due to the distance the water stream cannot provide enough power to complete a very clean and accurate cut. This may make the cutting operator to carry out another cut along the same line. Doing this can greatly affect the time taken to complete a job. (MARKETEER, 2016)
Lastly, cost has a major impact on a company when using a water jet cutting system. Surprisingly, its not the actual system that costs the company a lot, it’s the running time and the material choice when it comes to abrasive cutting. Due to only a specific material being able to carry out the abrasive properties-the water jet companies do not supply the abrasive material. The company will need to source that themselves. Below is a graph showing the cost of cutting with the abrasive material using a 60-75HP abrasive cutter- 
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Source- https://wardjet.com/waterjet/cost-to-run-a-waterjet








As you can see on the graph, the bigger horsepower a pump is and the more abrasive material there is to be sued to cost per hour reaches nearly $35 dollars. Some jobs can run up to 16 hours and that the price isn’t including the water used or the labour for the programmer on the job. 
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Source- https://wardjet.com/waterjet/cost-to-run-a-waterjet


Again, as pictured above the running of the pumps along is very expensive. This goes off the size of the pump yet again. 



Water jet cutting can be very dangerous as it has the capability to hurt someone very badly. If it can cut through different materials such as metal it is bound to injure an operator if not used safely and correctly. As the operator will be working with high pressure equipment, PPE must always be worn. PPE such as (DYNAJET, 2020). - 
A safety helmet-To protect your head against any lose pieces of swarf.
Hearing protectors- These are required as the process is very loud and has the potential to damage hearing.
Protective goggles- Again to protect your eyes against any lose abrasive particles 
Face protection- to protect against any facial damage sustained from the cutting process.
A durable and safe waterproof suit completed with safety boots- To ensure overall body protection. 
To be able to use a water jet cutter you must undergo a series of courses to be able to become qualified in the area. Firstly, the operator will need to understand the safety that is required to do the job. Then they will go onto reviewing what applications water jet cutting can be used for onsite and offsite manufacture. Then they will be taught different nozzle types. This is because different nozzles can give you different types of cuts. Like a lathe with different types of tools types to carry out different cuts. Also, the operator will learn the different types of pressure controls, speeds controls and water supply. (asso, 2003)
Lastly the operator will undergo practise on how to set up the job correctly and learn the procedures to carry out before the cutting process. This can be checks to ensure the material is flat on the cutting surface, the nozzle is free of any debris that may obstruct the water, ensure all hydraulics system are prepped and ready and have no visual damage. These checks are carried out to ensure safeties of the operator and overall quality of the product being cut. (asso, 2003)
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Shape memory polymers 
In the second part of my report I will talking about shape memory polymers. I will go over what the material is, what is it used for, its properties and how it works. I will then choose a specific material within the material group and talk about its specific properties. 
A shape memory polymer does what its name is. It remembers its original shape if or when deformed into another shape. Once the material has changed from its original form it can only return when an applied factor is applied to it for example heat. This ability is known as shape memory effect or SME. (Shape Memory Polymers - A Complete Guide, 2020)This type of material belongs in the ‘’smart materials’’ group. Like the SME, a smart material has the capability to return to its original form once changed. (Shape Memory Polymers - A Complete Guide, 2020)
[image: Shape-memory polymers - ScienceDirect]A shape memory polymer is a material that can be deformed and then by applying a property such as heat or light, will return to its original form. There are many applications of use for shape memory polymers due to its speciality. It allows so many possibilities for product design in the manufacturing world. Due to the aptitudes of smart materials it gives designers many opportunities to try and experiment with other applications of use such as intelligent medical tools and some smart fabrics. As mentioned shape memory polymers act very well when light, heat and or moisture is involved. With these properties it allows designers to redesign new and improved products. The4se can vary from smart breathable garments which can control heat and moisture on the user’s body. (Shape Memory Polymers - A Complete Guide, 2020)
Shape memory polymers work because of either two reasons. The first reason is that some polymers have a crystalline state which means that the structure within the material doesn’t have an aligned state which allows it to be a fairly strong. Another example is that some polymers are amorphous which means that the materials structures subunits are casually scattered allowing the polymer to be soft, flexible and can move around easy. 
An application of a shape memory polymer is used in orthopaedic surgeries. They use this type of material because of many reasons. I have mentioned throughout this report how smart materials can be worked to get a specific shape. Once completed, by using the applications such as heat or light they can return back to their original shape. This issued in the type of surgery as the polymer is connected to two bones. One connected they heat the polymer pilling the bones closer together to allow for a straighter alignment. (Hofheinz, 2014)
[bookmark: _GoBack]Shape memory polymers are a very safe and constructive material to use for many applications as I have mentioned through this report. The seem to have many uses and are very practical in their own ways. 
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Lastly, cost has a major impact on a company when using a water jet cutting system. Surprisingly, its
not the actual system that costs the company a lot, it’s the running time and the material choice
when it comes to abrasive cutting. Due to only a specific material being able to carry out the
abrasive properties-the water jet companies do not supply the abrasive material. The company will
need to source that themselves. Below is a graph showing the cost of cutting with the abrasive
material using a 60-75HP abrasive cutter-|

Pump Orifice Cost/Hour

30 HP Pump .010" $20 - $30*/ hr
50 HP Pump 014" $30 - $40%/ hr
60/75 HP Pump .016" $35 - 845*/ hr

Source- https://wardjet.com/waterjet/cost-to-run-
a-waterjet
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How Much Does Running a Waterjet Cost

Cost to Run a Waterjet - The Short Answer

While there are several factors that can affect the hourly cost of running a waterjet (see the long answer), the
following will give you a good baseline for what to expect. All calculations are based on a single abrasive waterjet
cutting head. Water-only applications (no abrasive) are about half the cost.

Pump o] Cost/Hour

30 HP Pump .010" $20 - $30*/ hr
50 HP Pump 014" $30 - $40* / hr
60/75 HP Pump 016" $35 - $45* | hr

Hourly Cost to Run an Waterjet - The Long Answer

There are several items to keep in mind when looking at the cost per hour to run a waterjet. These costs should be
relatively universal regardless of the manufacturer of your waterjet. When we provide costs to our customers we
always give a conservative target, which we believe can actually be achieved. Our goal is to see you succeed with
your machine, not just to sell one to you. We are focused on what is best for you, not what s best for WARDJet. Talk
with us and test us out

Keep in mind that a waterjet manufacturer whose survival is dependent upon commissioned sales people
convincing you to purchase their product, tend to be swayed in their presentation of waterjets. They may describe it
as the only ideal, perfect, lowest cost, sole solution to both your engineering as well as your Iife's problems. We all

know at the end of the day the waterjet is just a tool to help you succeed in your business goals
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Continuing with material selection, another drawback with water jet cutting is the thickness of
material. Although it is possible to cut thicker materials, the accuracy and time taken is greatly
sacrificed. When cutting a thicker material, the nozzle that the water deposits from moves away
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from the material surface. This means that due to the distance the water stream cannot provide
enough power to complete a very clean and accurate cut. This may make the cutting operator to
carry out another cut along the same line. Doing this can greatly affect the time taken to complete a
job. (MARKETEER, 2016)

Lastly, cost has a major impact on a company when using a water jet cutting system. Surprisingly, its
not the actual system that costs the company a lot, it’s the running time and the material choice
when it comes to abrasive cutting. Due to only a specific material being able to carry out the
abrasive properties-the water jet companies do not supply the abrasive material. The company will
need to source that themselves.
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