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Modern technology used in manufacturing is becoming a vital component to a company’s success. This is due to the newer more advance processes that focus on three main concepts; reducing waste, maintaining quality, and accelerated production rates. (Jannise, 2017) with all three concepts linked to saving costs thus allowing bigger profits for the manufacturer and a more competitive product.
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One such modern manufacturing method is water jet cutting. 
This exists in two main forms; abrasive and pure water jet cutting. 
[bookmark: _Toc510806261]Pure Water Jet Cutting
[image: ]The basic principle of pure water jet cutting is high pressure pump creates a water pressure of 20,000-90,000psi (1,300-6,000bar) that is then fed through a nozzle of very small diameter, usually around 0.25-0.4mm. The nozzle is made from a jewel such as ruby or diamond as the material is harder. (WARDJet, 2014) This creates a stream of water that has an extreme velocity, up to Mach 4.0 (2,400MPH). The high speed stream of water is then used to cut through thin soft materials. (Hydromar, 2018)
To further place the velocity of the water into some context the speed of sound at sea level and 21 degrees Celsius is Mach 1.0 (770MPH) (Science Daily , 2018) this means that the water used to cut the material is travelling at 4 times the speed of sound.

[bookmark: _Toc510806262][image: ]Abrasive Water Jet Cutting 
Using the same principle of high pressure water an abrasive substance is added such as a garnet, a material commonly used on sandpaper. (Waterjets.org, 2018)
The abrasive material is now mixed with the water in a mixing tube. The water accelerates the abrasive to the same high speeds achieved as pure water jet cutting but now the hard and sharp edged material will have a higher cutting power than water itself. 
This results in the ability to cut deeper and into harder materials. (Hydromar, 2018)
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The biggest advantage for pure water jet cutting is the green technology. The cutter does not create any hazardous waste and a small kerf allows for high yields of materials and increased possibility of material recycling. Kerf is the thickness of the cut. The smaller the cut the less material that is wasted. (Ballard Machine Works , 2018)

The waterjet can also cut in all directions resulting in the potential for complex shapes that would normally require multiple processes including assembly. There is also no requirement for starting holes. (Techni Waterjet , 2018)
This means that the process will be complete within one process and therefore completed more quickly than conventional methods. (Techni Waterjet , 2018)

Another advantage of water jet cutting is the lack of heat involved in the cutting process. The ‘cold cut’ does not affect the structure of the material and therefore the hardness nor size and shape of the component is affected. The result is a higher accuracy of the parts cut to specification. (Schmidlin, 1997)

Abrasive waterjets with a granite abrasive used can cut to depths of up to 20”. This is dependent on the material selected for cutting. It has been known for hard materials like titanium to be cut at 15” thick. (Jet Edge Waterjet Systems , 2016)
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Cutting time is often increased when using waterjet technology over more conventional cutter reducing output. (Ballard Machine Works , 2018)

The jewel in the waterjet nozzle can cost between $80 and $200 depending on the selected material, yet they only last between 40 to 80 hours due to the abrasive material passing through them. Factor in the lost production for 5-10mins to replace the jewel and the maintenance costs increase further. (Day, 2008)

As the jewel is worn away by the abrasive the orifice of which the water and abrasive should pass through increases. As a result, the kerf increases and will have an effect on the cutting tolerances desired by the customer. 

The thicker cut of material the lower the accuracy of waterjet cutting. The further from the end of the nozzle the lower accuracy that can be achieved, this means that with especially thick cuts the accuracy can vary between top and bottom of the cut. (Ballard Machine Works , 2018)
[bookmark: _Toc510806265]Waterjet Analysis


N
The above equation shows how much force can be generated from typical waterjet cutting machines. This force will be experienced by the material allowing its separation.
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Laser is an acronym for the phrase Light Amplification by Stimulated Emission of Radiation. A laser takes a small amount of light and amplifies it to increase the power output. The chosen method for the amplification is stimulated emission of radiation.
Stimulated radiation simply means that a laser medium is placed into a tube. An electric current can be placed on this medium to temporarily increase the amount of energy in each atom. Each atom will want to return to its original, lower energy, state, and therefore it must give off energy. This energy is produced in the form of a photon (light). 
The tube of medium is placed between two mirrors; one is perfect mirror while the other has a lower level of effectiveness i.e. 60% effective. 
The photon of light will now hit and be reflected from the perfect mirror and move towards the 60% mirror. The photon may then be reflected once more or pass through the mirror. 
If the photon is reflected it will collide with other atoms, increasing their energy state and multiplying the effects previously discussed. 
The photons that pass through the 60% effective mirror will then be known as the useful light, that may be used for many different applications. The useful light is what many people refer to as a ‘laser beam’. (Merkel, 2017)

[image: ]
(Electrical4u.com, 2018)

For further explanation, consider the above diagram.  The atoms will be taken to a higher degree of energy. Once they return a photon will be emitted and will bounce between the two mirrors causing more photons to be released in the red zone. The partially reflecting mirror will allow a beam of light to pass and retain some photons to continue the process. The beam of light is then the useful light known as the laser beam.

[image: ]Once a laser beam has been generated it follows the diagram to the right. It passes through a focusing lens that confines the beam to a single spot. The Beam is then mixed with oxygen or nitrogen.
The focussed light then hits the material to be cut and the high power density results in rapid heating, melting and partial or complete vaporisation of the material. 
This allows the material to be separated i.e. cutting the material using the laser.


(ESAB Knowledge Centre , 2018)
When cutting thin materials with fine detail the beam is focussed to a spot size of 25-100µm, however for thicker cuts the spot size must be increased to 100-300 µm. (SPI Lasers , 2018)
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Lasers can cut with a very fine diameter, as small as 0.025mm with a dimensional accuracy of 0.0125mm therefore if fine tolerances are required and precision is paramount to the specification of the job laser cutting may be a possible alternative. (Shannon, 2011)

Having a small width of cut can ensure that there is little wasted material, lower reject rates and a lesser need for post finishing processes, ultimately lowering costs over more conventional techniques. (Leaversuch, 2010)

Heat effected zone (HAZ) of laser cut parts can be managed by altering the laser power and feed rates, therefore the HAZ can be managed in such a way as to not affect the quality of the part with respect to its specification. (Miraoui, et al., 2016)

[bookmark: _Toc510806268]Disadvantages of Laser Cutting 
Laser cutting requires a high power usage which may increase industry running costs. The North American market has experienced an interest in laser power levels from 4000-6000 watts. (Laughlin, 2001)

Another disadvantage of lasers is the safety risk it poses to people. Lasers are high power items that can damage the eye if direct exposure occurs. Lasers also use a lot of heat to cut through material and therefore there are hot working risks to employees.

Laser also do not cut metal in thick sheets. It is limited to soft materials and thin sheets of metals. FedTech suggests that laser cutting with metals is limited to 5/8” (~15mm) (FedTech, 2018)
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The most evident affect that more advance technologies have on the manufacturing industry are the increased production rates that have stemmed from more accurate machines lowering reworks, more robust processes that incur less downtime and simply faster process made possible by advance machinery. 

Advance processes usually involve computer controlled devices that require little human interaction once programmed, therefore it is possible for companies to reduce the size of the workforce while often increasing productivity. This reduction of people will introduce huge cost savings to the company. The savings will result in larger profits for the company that will ensure continuing growth and will be shown to the customer as a more attractive price product. The products now sold at a lower price will ensure that more people are able to access the products that may potentially positively affect their lives.

Both ‘advance processes’ previously discussed have small kerfs therefore have cost saving advantages, but also allow a company to become more responsible with the amount of raw materials they consume and lower the amount of waste generated by the processes. This corporate social responsibility will make the company appear more friendly to the customers and can improve the company’s image, thus positively effecting sales.

The use of more advance technologies encourages educational facilities to promote STEM (Science, Technology, Engineering, and Mathematics) subjects with the aim of ensuring people study courses that lead them on to a rewarding career. Companies that use more advance processes will require a more highly qualified and knowledgeable workforce to maintain the equipment. These qualified people will then benefit from a wage that reflects that of a skilled or professional person. (West, 2016)

One of the most important influences that advance processes have for the manufacturing industry is the ability to remove the need for people to operate dangerous machinery. 
Both methods previously discussed would be computer controlled systems that can remove the need for workers to operate milling machines or lathes, whereby the worker could come into contact with the sharp edges of the cutter or the moving parts of the machine. 
Computer controlled machines can have guards to prevent human interaction until it is safe to do so with the use of interlocked doors. 
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