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2. [bookmark: _Toc5009025]Introduction

This report is going to take a look at how modern manufacturing techniques can be used as opposed to the traditional method of CNC milling. The two modern methods which are going to be analysed and reviewed are water jet cutting and Selective Laser Sintering (SLS) 3D printing, these are two distinctively different methods as they either subtract material from a billet or add material through the use of rollers to lay down a bed of metal or plastic powder which can then be sintered together layer by layer.
The advantages and disadvantages of both new processes are also going to be compared and the uses for each method will be looked at to relate it to the traditional method. 























3. [bookmark: _Toc5009026]Findings

3.1 [bookmark: _Toc5009027]CNC Machining / CNC Milling 

Traditional CNC machining is a subtractive manufacturing process which requires a billet of material to machine into the final product. CNC machines can be used for very soft materials but it also “works particularly well” (Gibson, et al., 2015) for materials that tend to be harder and somewhat brittle (Gibson, et al., 2015). CNC milling machines are known for how quickly they can remove material as they tend to use a rotating cutter which has multiple cutting faces (Groover, 2010). When a milling machine is cutting the material the work piece is moved along the bed in a continuously fed motion, as well as this all other movements can be controlled, such as speed of rotation, feed speeds and depth of cut all of which can be programmed into the machine and are written in a form known as G-code (Schaede, et al., 2018). There is two types of milling and that is face milling and end milling, these two process depend on what part of the cutting tool is being used on the material (Steven & Albert, 2016). 

3.2 [bookmark: _Toc5009028]Water Jet Cutting 

What is water jet cutting?
Water jet cutting is a subtractive manufacturing process just like CNC milling which requires a billet of material to create the final product. It is claimed that water jet cutting is the fastest cutting method for soft materials (Chalmers, 2016). (Chalmers, 2016) also claims that when garnet is added to the jet the process is slowed down slightly but the dimensional accuracy of the part is improved. Garnet tends to be a gemstone which is red in colour, which is used in the water jet cutting process, when jetted with water the gemstone breaks down into sharp pieces which can help cut through the material (Olsen Software , 2019). In water jet cutting a high pressure jet of water up to 600mPa can be used to cut through tough deep materials although pressures of around 400mPa are what tend to be used in industry (Hashish, 2005), this agrees with what (Mehta, et al., 2013) says when looking at an industrial water jet cutter in Germany. 
When an abrasive is used in water jet cutting it is measured in the amount of grams/second in which the particles break up and mix with the water before cutting the intended part, due to the nature in which the abrasive material breaks down the particles in which are produced influences their cutting capabilities and the smaller the particles the less capable they tend to be (Rakowski, 1993). (Rakowski, 1993) also talks about how only a small amount of particles can be reused and how they need to be dried which can cost a lot.
Abrasive water jet cutting is a manufacturing techniques which is very different to most subtractive manufacturing methods due to the way in which no thermal energy is creating during the cutting process as oppose to needing to apply coolant when preforming a cut with a CNC milling machine (European Commission, 1995). 


So what are the advantages and disadvantages of abrasive water jet cutting:
	Advantages
	Almost all materials can be cut as long as the correct garnet is used (Begic-Hajdarevic, et al., 2015).

	The garnets used are chemically inert meaning that no chemical reaction with the material being cut will occur, 80 mesh garnet tends to be the most optimum size and type in the majority of cases (Begic-Hajdarevic, et al., 2015).

	No heat is generated meaning it can be used in sensitive environments (Rakowski, 1993).


	Disadvantages 
	A lot of secondary waste is created due to how the process works (Rakowski, 1993).



As stated by (Begic-Hajdarevic, et al., 2015) in an experiment which involved using a water jet cutter at a maximum pressure of 413mPa to cut through aluminium up to 30mm with different conditions such as traverse speed and abrasive mass flow rate, found that cutting through 30mm thick aluminium at a speed of 69mm/min and an abrasive mass flow rate of 320g/min created the best overall surface finish measured in Ra. In a journal written by (Niranjan, et al., 2018) also concluded that in thicker depth materials the traverse speed needed to be lower to improve the surface finish.
When looking at (Flow, 2019) a company who specialises in building water jet cutters claim that some of there systems can produce parts to within 0.025mm. 

3.3 [bookmark: _Toc5009029]Selective Laser Sintering 3D Printing 

What is selective laser sintering? 
Selective laser sintering also known as SLS is an additive manufacturing method which manufactures parts from a previously generated CAD file. During the process a “high-powered laser” (Phillips, et al., 2018) is used to fuse together the powder which is layered onto the machine bed (Phillips, et al., 2018). After each layer is fused together a roller will then spread the next layer of powder onto the machine bed for the laser to sinter the next layer together until the CAD model is complete (Danezan, et al., 2018) and a 3D part has been generated (Launhardt, et al., 2016), this also known as a powder bed fusion process. With SLS manufacturing each layer height can be altered but tends to be between 0.075-0.1mm thick (Gibson, et al., 2015), It is also stated that the powder particle size and shape also plays a key role in the overall density of the finished component (Olakanmi, et al., 2015). Due to how the process works many different powders are available for creating a finished material product, and even some precious metals are now available for powder bed fusion processes (Gibson, et al., 2015).  
So what are the advantages and disadvantages of SLS additive manufacturing?
	Advantages
	Due to the ways in which SLS manufactured parts are created it allows for “good part stability” (Chuan, et al., 2003) due to the precise settings in which they are produced. (Chuan, et al., 2003)

	Many different materials including “metals and ceramics” (Chuan, et al., 2003) allow for a wide range of applications but also allow for complexed geometry’s to be created (Gibson, et al., 2015).

	Very “little post-processing” (Chuan, et al., 2003) is required once the part has been manufactured.


	Disadvantages 
	The size of the SLS machine is large and requires adequate space to house it, but also needs to house the “inert gas tanks” (Chuan, et al., 2003).

	The overall build size available for most SLS machines doesn’t allow for prints larger than “700x380x580 in the XYZ planes” (Chuan, et al., 2003) but it is large enough to manufacture the cockpit floor.

	The surface finish tends to be relatively poor due to the size of the powders that are sintered (Chuan, et al., 2003), and although little post-processing is required, (Nhangumbe, et al., 2017) states that sometimes objects need to be milled to remove roughness which contradicts one of the stated advantages of the process. It is thought that SLS parts surface roughness is significantly worse than other processes due to there being no force applied to the component in the manufacturing process (Launhardt, et al., 2016).  




When using an SLS additive manufacturing machines the dimensional accuracy produced by the machine can be affected by the way in which the laser is projected onto the powder and the temperature at which this is done, correct temperature control is necessary to prevent warpage of the part (Nelson, et al., 2019). This directly agrees with (Phillips, et al., 2018) which states how an alteration in temperature across the surface can render a part unusable. (Chuan, et al., 2003) States that most SLS machines tend to have an XY plane accuracy of 50 microns. 
More recent machines which have been built by GE are currently direct metal laser melting (DMLM) machines which are very similar to how SLS works but is only used for metal powder as oppose to metal and plastic, the latest machine which has been built has a build volume of “950x810x300mm (Additive, 2019).” 



3.4 [bookmark: _Toc5009030]Comparing the Processes

When parts become more complex in there geometry (Gibson, et al., 2015) claims that an SLS printed component would be manufactured in a single step whereas a CNC machine would require considerable setup. (Nhangumbe, et al., 2017) also states that SLS manages to create objects with highly complex geometry which wouldn’t be viable with traditional manufacturing such as CNC milling.
When comparing water jet cutting with traditional CNC machining it can be seen that there are differences in the fact that water jet cutting can cut a wider variety of materials to a very good surface finish but struggles with sharp radius’s which could potentially be CNC milled using a profile milling method (Groover, 2010).  

	
	CNC Machining
	Water Jet Cutting
	Selective Laser Sintering

	Material Choices
	0
	1
	1

	Speed
	1
	1
	0

	Complexity
	0
	0
	1

	Dimensional Accuracy
	1
	1
	1

	Component Size
	1
	1
	1

	Score
	3
	4
	4


(Fig 1.)
When looking at (Fig 1.) it can be seen that the new modern processes allow for a wider range of materials due to the ways in which the processes work. 
When looking at the speed for each process it can be seen that CNC milling and water jet cutting are a lot faster than when a part is manufactured using the SLS process, this is due to the layer by layer build up time as oppose to the removal of material and how CNC milling is known for it removal speed. 
When looking at the complexity it can be seen that the best process for having highly complex designs is to use SLS manufacturing methods as it builds up each layer meaning a new layer can have a completely different design to that of the previous layer.
Dimensional accuracy tends to be very good between all three processes and are all capable of manufacturing the cockpit floor to within the specified tolerance of +/- 0.0127cm. 
Component size is clearly a very important factor but it can be seen that all the processes discussed are capable of manufacturing the cockpit floor to the required sizes.
Taking into account all of the points discussed in (Fig 1.) it can be seen that the two modern techniques scored higher than the original manufacturing process but due to other advantages of the process SLS printing should be the preferred method to manufacture the helicopter cockpit floor due to the weight reduction which would be apparent and the cost savings due to having little to no waste material to dispose of. 
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