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A company that currently uses laser cutting to cut parts out of metal is considering moving into other methods of cutting. The author was tasked to write a report contrasting two types of manufacture. The two types selected are laser cutting and water jet cutting, they were compared and assessed, and the author also makes a recommendation on what they believe the company should do.
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[bookmark: _Toc510786989]Introduction
Alternative cutting techniques (compared to traditional CNC machining) are increasingly being found more and more on shop-floors as a way to cut metals and other materials, especially with the use of lasers and water jets, which both can achieve cuts with higher accuracy and efficiency than previously (Betts, 2010). This assignment is primarily focused on comparing these two methods of cutting and assessing their suitability for use in a company that makes a variety of components. The first section will discuss how each technique operates and briefly the theory of how a laser is created at a sub-atomic level. Some of the elements that will be contrasted include: how much each techniques cost to purchase and run; the quality of the cuts made and the speed at which parts are cut. These comparisons will then be taken into account and a conclusion made on the suitability for the company, whether to continue with laser cutting or move to water jet cutting. Also discussed will be the effect that the new technology can have on the company buying it.



[bookmark: _Toc510786990]The Processes
[bookmark: _Toc510786991]Laser Cutting
Lasers (Light Amplification by Stimulated Emission of Radiation) are used for multiple applications in many industries. They work via the process of Stimulated Emission, this is where a material in the laser housing has energy pumped into it via photons, these photons then stimulate an electron to drop from its standard energy level to a lower one, once this occurs more energy is given off in the form of two photons, this can be seen in Fig. 1. (Edwards, 2011)
[image: http://ffden-2.phys.uaf.edu/212_spring2011.web.dir/Thomas_Edwards/Stimulated%20Emission%20Electron.jpg]Fig. 1

Once one electron lowers energy level and gives off a photon these photons are then likely to hit more material, which will cause more electrons to drop energy level and double the amount of photons. This chain reaction is the basic working principle for how Lasers work. 
Fig. 2

[image: Image result for laser cutting diagram]Laser cutting uses an extremely focused beam of light that has a very high temperature, this heat is used to melt and vaporise the material intended to be cut. And because of the non-contact nature of the cut there aren’t any burs like those found in traditional CNC (Computer Numerical Control) processes (Paltanea, et al., 2015). 
Fig. 2 shows a basic diagram of some of the key pieces at the end-effector of a laser cutting machine, including the inlet for allowing gas in which is used to guide and focus the laser. Typically the gas used is Carbon Dioxide, Nitrogen or Argon (Kinsman, 2012). 
[bookmark: _Toc510786992]Water Jet Cutting
[image: Diagram waterjet]According to Löschner, et al., 2016 “abrasive water jet cutting is amongst the most rapidly developing and intensely researched methods of material cutting.”, this is due to the versatility in the materials it can cut including: metal, brick, rubber and plastics.
Water jet cutting uses water mixed with an abrasive material to physically cut material via “erosion, shearing, micro-machining effects or dislocating flanks” (Paltanea, et al., 2015). The process is done at low temperatures and as such the material being cut does not melt causing slight deformations that may be difficult to predict. Fig. 3

Fig. 3 shows the cross section of the head of a water jet cutter. As can be seen water is stored in a recess, above the end-effector, which is pressurized and forced through a narrow nozzle, whilst it is doing this an abrasive material (such as garnet) is mixed the water using air. 


[bookmark: _Toc510786993]Comparison
There are various categories in which water jet and laser beam cutting can be compared, some of these will be discussed and the techniques will be compared. Some categories should be weighted more heavily than others when deciding what machine to invest in, this will change depending on what the typical work load of the machine is as well as the company itself. 
[bookmark: _Toc510786994]Material Deformation
Material deformation occurs when a cutting technique creates too much heat and causes imperfect edges to occur. If deformation occurs during a cut, then the part may not be to the specification given and it may be necessary to clean up the material afterwards by sanding/filing, this creates more work and takes time to do, making deformation even more undesirable. Due to the process with which water jet cutting works, minimal heat is created, meaning that distortion from this is very unlikely to occur, and in fact, a smooth finish will typically be produced. Laser cutting uses heat to cut material, meaning that small heat-affected zones (HAZ) are produced, which cause a poor final finish. (Hahn & Szczesniak, 2009)
[image: Image result for water jet vs laser cutting speed]Fig. 4 (Vichor, 2017) shows the deformation that can occur through the two different methods. The burr created from the HAZ during the laser process can be clearly seen when compared to the cleaner cut of the water jet.  	
Fig. 4

[bookmark: _Toc510786995]Speed
The speed of a cut is dependent on the material being cut and the thickness of said material. Typically a laser can cut material at a rate of 20 – 70 Inches per minute (IPM) whereas a water jet cutter will cut at a rate of 15 IPM to a fraction of an Inch per minute. This makes laser cutting far quicker than water jet cutting in cases where they can cut the same material (ESAB, 2017).
Figs. 5 – 7 (Woods, 2014) Show through various materials and thicknesses the performance of laser cutting and water jet cutting. In the case of the laser and water jet used for these graphs whilst it is true that laser cutting is quicker at lower thicknesses, as thickness increases the gap closes and eventually water jet overtakes the rate at which the laser can cut. If the pieces to be manufactured are thin, it is likely that laser cutting is the better choice in terms of speed.
 [image: http://www.fsmdirect.com/images/Article_Images/April_2014/brass.jpg]Fig. 5

[image: http://www.fsmdirect.com/images/Article_Images/April_2014/aluminum.jpg]










Fig. 6

[image: http://www.fsmdirect.com/images/Article_Images/April_2014/copper.jpg]
Fig. 7

[bookmark: _Toc510786996]Quality
Quality is one of the most important aspects of any machining process, it needs to be strongly considered whenever a choice about a machine is to be made. According to (Juliet, 2015) the cutting slit created by the two processes are 0.15 mm for lasers and 0.5 mm for water jet. With the processing tolerance of 0.05 mm and 0.2 mm respectively. This makes laser cutting more than 3 times more accurate than water jet cutting.
[bookmark: _Toc510786997]Material
(Hahn & Szczesniak, 2009) explain that lasers can cut through non-reflective materials, which are typically metal as other materials such as plastics would create hazardous fumes, whereas water jets can cut a huge range of materials with little affect.
The thickness of the material plays a large part in the cutting process, Laser cutting can cut metals up to a thickness of 1.5 inches (mild steels) whereas water jet can cut metals up to 6 inches thick (ESAB, 2017). This is a large discrepancy if thinker materials are required even occasionally.
[bookmark: _Toc510786998]Initial cost
The largest outgoing/investment into any machine is the initial cost, if it is too high then the work that can be done with it may not offset the cost for a long time. According to (Vichor, 2017) an industrial water jet cutter can cost between $60,000 and $300,000. Whereas an industrial laser cutter can cost from $200,000 to over $1,000,000. This is a huge discrepancy as entry-level industrial laser cutters cost a comparable amount to high-level Water cutters.
[bookmark: _Toc510786999]Energy consumption and running costs
The primary running cost of a machine is the energy consumption that goes with cutting large quantities of parts. (Juliet, 2015) compared the energy consumption of their laser and water jet cutters and found that the laser cutter used 24 – 40 kW of energy whilst the water jet cutter used 22 – 35 kW of energy. The cost of the energy used in kWh is £3 - £5 and £2.75 - £4.37 respectively , making the water jet cutter slightly cheaper to run. Water jet cutting also uses large quantities of water and the cutting agent. With these additional costs the running of water jet cutting is a fair amount higher than those of laser cutting.
[bookmark: _Toc510787000]Waste
In an industrial setting waste can be a huge factor in terms of a provess cycle, waste needs to be disposed of which can cost large amounts of money depending on what the waste consists off. According to (Juliet, 2015) laser cutting gives off dust from whatever material it is cutting, this means that extraction is required as well as filters for that extraction. While water jet cuttting produces a lot of water and grit, typically these can bedrained like normal water unless the material being cut is harmful to the environment such as lead.
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Table 1 (created by Krajcarz, 2014) includes some of the comparisons made in this section as well as some that have not been mentioned. The options that are considered more preferable are in blue and the less preferable in orange. As can be seen, water jet cutting is better in more of the areas of interest than laser cutting. Table 1

	Method of cutting
	Abrasive water jet
	Laser beam

	Speed
	Slow
	Fast

	Material thickness
	Thick and thin
	Thin and medium

	Size details
	Small and large
	Small and large

	Shape
	Complicated
	Complicated

	Materials suited for 
intersection
	Most of solid
	Homogeneous with no reflective bodies

	Materials covered with
rust
	Very good
	Good

	Composites
	Yes
	No

	Material hardening
	No
	Yes

	Thermal deformation
	Lack
	Yes, small area

	Hazardous vapors
	No
	Yes

	Multilayer cutting
	Possible
	Impossible

	Precision cutting
	High
	Higher

	Burr formation
	Minimal
	Yes

	Operating costs
	High
	Lower





[bookmark: _Toc510787002]Effect on the company
If the company were to change to water jet cutting and either using it as well as the laser cutting already used, the company could potentially drastically increase the quality of their finer items that would be difficult to give a secondary finish to, such as springs. This is due to the fact that water jet cutting will not create burrs like those found in laser cutting.
If this increase in quality was found to be substantial then there is potential for the company to capitalize and advertise that their quality is higher than those only using laser cutting, and could potentially charge more.
The downside to increasing the use of water jet cutting will mean that orders may have a longer turnaround time due to the slower nature of water jet cutting.

[bookmark: _Toc510787003]Conclusion
While there are advantages to the company staying with laser cutting, such as: Higher levels of tolerance; higher speed at lower thicknesses (closer to the range that the company would typically be using) and the lower running costs. The author believes, with the evidence gathered in this report, that a move to water jet cutting would be advantageous to the company. This is mainly due to the lack of burring that will occur on the parts that need a finer level of detail, the vast range of materials that can be cut, the larger thicknesses that can be cut and the relatively low startup costs.
The author believes that continuing use of the laser cutting that is currently being used and the additional use of the water jet cutter would be the ideal situation for the company. This is because the level of quality can increase for the parts that need it and although they will take longer, the continued use of laser cutting will ensure that workflow can remain constant. By using both methods in conjunction, more product can be created in the same time frame and clients could potentially be charged a higher rate for certain items, if a high level of detail is required.
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