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For new manufacturing technologies to be introduced as well as enhancing current cutting technologies, the machinability needs to be evaluated according to Barsukov, Kozhus and Zhuraleva (2017). Hoogstrate (1997) states the technological material property determines the possibility to achieve the specific technical requirements while minimising costs and ensuring production efficiency. 
The cutting machinability of can be approximated using a few factors, such as; the quality of the surface to be cut, the durability of the cutting tool in use, the cutting speed, the waste or swarf given off and the forces produced during cutting, according to Barsukov, Kozhus and Zhuraleva (2017).
In this report the author will compare and contrast two different non-traditional machining processes; laser cutting and abrasive waterjet cutting. The scientific principles of the technology will be analysed which will include how they work, a discussion of the advantages and disadvantages and various applications for which the two modern processes are applicable. The impacts these processes could have on an industry will also be discussed as well as the health and safety implications of the use and operation of these processes.
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[bookmark: _Toc510812713]Basic Principles and Operation
Waterjet cutters utilise the technology of high-pressure water being fed from a water pump forced through a small hole in a jewel to concentrate a very large amount of energy on a concentrated area according to waterjet.org (2018). 
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Figure. 1: An abrasive waterjet nozzle (waterjets.org, 2018)
The inlet water is initially fed from a high-pressure water pump as local main water supply does not meet the sufficient pressure demand of 20,000-60,000 pounds per square inch (PSI) or 1,300 to 6,200 bar state Big Blue Saw (2018). This high-pressure water is then forced through a tiny hole in the jewel (which is usually a sapphire, ruby or a diamond – the latter being a more expensive but longer lasting alternative), approximately 0.18-0.4mm wide, creating a very high-velocity, thin beam of water state waterjet.org (2018). As the thin jet of water exits the jewel, the abrasive material is added to the stream. Due to the high-velocity of the water exiting the jewel, a vacuum is created which draws the abrasive material from the abrasive line (Figure 1). This abrasive material then mixes with the water thus helping accelerate the particles to very high speeds to allow the stream to cut stronger materials than a standard waterjet cutter with no abrasive particles, according to waterjet.org (2018). The abrasive particles are responsible for the cutting action and the water inside the waterjet serves as a fluid to help accelerate the particles, state Dittrich, Dix and Putz (2016).
From the above information, the force of water leaving the nozzle can be calculated as follows:
Assuming that:
40,000 PSI = approximately 275,000 kPa and the nozzle diameter is 0.3mm.
Force = Pressure x Area
Force = Pressure x πr^2
Force = 275,000x10^3 x π(0.15x10^3)^2
Force = 19438 GN
The cutting force can also be calculated by:
Cutting force = mass of water and particles x acceleration of water and particles
Therefore, to make it easier to cut a piece of material the mass or velocity of the waterjet is increased. 
[bookmark: _Toc510812714]Advantages and Disadvantages 
There are many advantages of abrasive waterjet cutting. One of the main advantages is its inherent cold cutting quality, which allows materials to be cut which would usually crack, melt or burn when being cut by other more traditional cutting techniques state Techni Waterjet (2018). This also means that the process does not undergo any thermal stress, eliminating problems such as material warping, hardening of the surface of the material and any emission of waste products such as hazardous gasses or dust; which also has a positive effect on the environment. As there is no waste material produced, Ballard Machine Works (2016) state that the use of a closed loop system allows very minimal volumes of water to be used. 
Another major advantage of abrasive waterjet cutting is the extreme accuracy of the process. According to One Stop Sealing (2018), tolerances as little as +/- 0.1mm can be achieved, although usually tolerances are usually more commonly around the +/- 0.2mm area. These finer tolerances allow very intricate shapes to be cut.
Another advantage of the abrasive waterjet cutting process is the ability to cut a very large range of materials with a variety of material thicknesses, highlighting the versatility of the process. According to Omax (2018), abrasive waterjet cutting is capable of cutting virtually any material including carbon fibre and glass reinforced plastics, all varieties of steel, alloys of all types, titanium, glass and even some ceramics. Hydromar (2018) state that an abrasive water jet can cut virtually any material up to 24 inches in thickness. These properties make abrasive waterjet cutters very useful in the aerospace industry.
The relative low initial set up cost of a waterjet system is also a benefit to the system. According to Hydromar (2018), the capital investment can range from £90,000 to over £400,000. The machine setup is also the same for all materials, which can drastically reduce lead times for a manufacturing company. 
As well as many advantages, there are also disadvantages to the abrasive waterjet process. One significant disadvantage of this process is the length of time it takes to cut a piece of material. According to Ballard Machine Works (2016), the cutting time is more often than not longer than traditional cutting methods, thus increasing the cycle time and therefore producing a lower output. This cycle time is further slowed down for harder materials therefore not necessary the most efficient method. Waterjet Cutting Machine Blog (2011) state this could cause prices of cutting to drastically increase.
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[bookmark: _Toc510812716]Basic Principles and Operation
Lasers, or Light Amplification by Stimulated Emission of Radiation as stated by Beck and Mulvaney (1968), have many functions. This section of the report concentrates on a lasers ability to be used as a cutter. According to SPI Lasers (2018), laser cutting is the process of cutting a material using a laser beam to either trim a material or cut a more complex shape that more traditional cutting methods may struggle with. It is mainly a thermal process in which the focused beam melts the material which the laser is going to cut, according to TWI Global (2018).
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Figure 2: How A Laser Cutter Works (ESAB, 2018)

The laser is created in the laser resonator as seen in Figure 2. According to ESAB (2018), the diameter of the laser from the resonator is approximately ¾ of an inch in diameter before travelling through the designated beam path within the machine. A series of mirrors are then used within the machine to point the laser in the desired direction. The laser beam is focused by a special lens within the laser focusing head state ESAB (2018) which then has to be precisely focused so it is perfectly round and consistent in shape to be centred with respect to the nozzle. A gas, usually nitrogen or oxygen, aids the cutting via an exothermic reaction by evacuating molten material from the kerf allowing for a smoother cut on the material, according to Heston (2015). The gas flows through the nozzle and is delivered to this area via cylinders states Heston (2015).
[bookmark: _Toc510812717]Advantages and Disadvantages
The laser cutting process has many advantages. One of the main advantages according to SPI Lasers (2018) is the fact that it is a non-contact process. This means that the laser beam utilised for cutting the material is not actually in contact with it but instead physically melts the material with the high heat dissipated. This allows securing of the workpiece to be a lot simpler. This feature also helps with minimising the damage on the material and less maintenance is required as there are no moving parts for the tooling, state SPI Lasers (2018).
Another advantage of laser cutting is its ability to cut a large range of materials and maintaining an incredibly accurate cut. Laser cutting has the ability to cut through many materials such as metals, diamond, plastics, wood or glass very accurately, therefore allowing very intricate and complicated shapes to be cut, state SPI Lasers (2018). This incredible precision has caused laser cutting to excel in the medical industry for cutting tissue and even laser eye surgery. 
As well as the above advantages, laser cutting also has some disadvantages. According to Omax (2018) the maximum thickness a laser cutting machine can cut is approximately 0.25” or 6.35mm. This limits the process to only cutting rather thin materials. 
Another disadvantage of this process is the potential injuries such as burns when maintenance or operation needs to be undertaken. Poor guarding of the laser or incorrect operation due to lack of training could badly burn the user causing a serious injury.
Laser cutting plastic can be a very dangerous process due to the gasses emitted when it is being burnt by the laser, state Science and Technology (2011) and therefore costs increase as there is a need for a well-ventilated room. This also incurs a safety implication where the gases produced are toxic and can even cause fatalities. 
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This part of the report will focus closely on comparing and contrasting laser cutting and abrasive waterjet cutting. Figures 3 and 4 (below) compares some of the key elements that a company would need to consider before choosing between laser cutting and abrasive waterjet cutting. 
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Figure 3: Table comparing properties of abrasive waterjet and laser cutting (Omax, 2018)
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Figure 4: Table comparing properties of abrasive waterjet and laser cutting (Hydromar, 2018)
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The initial cost of investment is approximately £90k to over £400k in abrasive waterjet cutting in comparison to £250k to over £1.4M for laser cutting, as seen in figure 4. This means that a company would have to initially invest a lot less money in the equipment and set up costs for an abrasive waterjet system. 
The abrasive waterjet has no problems with the majority of materials however there can be some cost implications with laser cutter when cutting plastic materials. There is a need for specialist ventilation systems due to the toxic fumes produced by the plastic when being burnt. These ventilation systems will also increase the initial cost of the installation if they are required. The need to replace the orifice in the abrasive waterjet cutter can also increase the cost, especially if the company opts for the use of a diamond orifice. 
[image: ]Figure 5: CES Graph of Relative Tooling Cost against Relative Equipment Cost
As seen from figure 5, the relative equipment cost for laser cutting is very high as opposed to it being a medium cost for abrasive waterjet cutting. The relative tooling cost for abrasive waterjet cutting is low compared to laser cutting’s medium rank therefore making it a much cheaper process to set up. 
[bookmark: _Toc510812720][image: ]Quality
Figure 6: CES Graph of Tolerance in mm against Surface Roughness
The above graph shows that both processes are capable of achieving extremely low tolerances when cutting, but abrasive waterjet cutting can achieve much more consistent tolerances. Abrasive waterjet machines will however have better tolerances on thicker parts as the laser will become more inaccurate on materials over 1” thick due to its inability to cut through material that thick, according to Hydromar (2018). The abrasive waterjet cutting is also graded ‘A’ for surface roughness which CES describes as very smooth. Although laser cutting achieves a respectable ‘B’ grade, there may be a need for further machining to achieve the desired surface finish therefore adding costs and time to the entire process. An abrasive waterjet cutter achieves a bebtter surface finish due to the sand-blasted effect from the abrasive material in the waterjet. 
Due to the inability to cut materials over 1” thick, lasers only have the ability to cut fairly uniform workpieces whereas abrasive jet cutters can cut materials up to 24” thick according to Hydromar (2018) meaning the material does not have to be uniform as the cutting power is retained over a variation of thicknesses.
According to Omax (2018), abrasive waterjet cutting does not suffer with a heat affected zone whereas the laser cutting process does. This means that the material being cut with a laer cutter can warp or deform due to the heat, whereas an abrasive waterjet cutter will not suffer with this problem. This issue could cause more scrap to be produced by the laser cutter due to aesthetics of the workpiece or out of tolerance parts.
[bookmark: _Toc510812721]Maintenance
There would need to be a training scheme in place for all maintenance personnel for a new cutting system to be introduced to the company. This would also add cost to the company for all training to be undertaken and the possibility of overtime costs for covering the maintenance on the courses.
As well as training implications for maintenance on both systems, the set up times could be longer in a laser cutting system due to the need to change the gas in the system and the parameters for different jobs and materials to be cut according to Hydromar (2018). Omax (2018) also state that the laser may need different setup and adjustment for different materials to be cut. The abrasive waterjet cutter does not require any different setup for any material changes as the same abrasive can be used for any material. 







[bookmark: _Toc510812722]Conclusion
The two non-traditional machining processes in this report were compared and analysed with respect to their individual qualities. The abrasive waterjet cutting process has many cost benefits over the laser cutting and is a much more versatile cutting method. The ability to achieve a higher quality finish on a part due to a smoother surface finish and a more consistent tolerance over a range of materials may make it the more desirable process to newly introduce to a manufacturing company. The ability to easily change over between different materials and products may also be a great contributing factor when deciding between the two processes.
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