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[bookmark: _Toc510777053]Introduction 
I have been tasked with comparing two non-traditional examples of machining equipment for the industrial environment. Using data I have collected from a variety of trusted sources; I will evaluate and analyse both methods before coming up with a conclusion and recommendation to which would be best suited for the industrial environment.
[bookmark: _GoBack]The two advanced machining processes I have chosen are abrasive water jet cutting and laser jet cutting. I will look in depth into both processes; covering how they function and the key points of each one, how they are similar and how they are different and also how they suit the industrial environment. Furthermore, I will also look, in detail, into their downfalls and look at how that could affect production. Another aspect that I will consider is how much maintenance is involved with the upkeep of both machines and other ergonomic factors before evaluating both and making recommendations to the company.
[bookmark: _Toc510777054]1. Abrasive waterjet cutting 
Abrasive waterjet cutting was first published by Dr. Mohamed Hashish in 1982 as a better alternative than pure waterjet cutting which was already being used in the mining industry. It functioned by adding the abrasive partials to the existing water jet which allowed you to cut through objects like steel and even concreate. It was then first used within the automotive industry in 1983 to cut car windows.
[image: ]Abrasive waterjet cutting is a process whereby high pressure water is pumped at between 20,000 to 60,000 PSI through a hole in a jewel between 0.1778 and 0.508 millimetres in diameter, this is then mixed with and usually garnet or sandpaper which comes in the abrasive inlet and mixed with high pressure water before coming out the nozzle outlet and cutting the material. This is shown in figure 1.1 (Zhongwei Huang, 2017)Figure 1.1 - abrasive waterjet nozzle






[bookmark: _Toc510777055]Why use abrasive waterjet cutting? 
Abrasive waterjet cutting is one of the fastest growing machining processes in the world due to its versatility and ease of operation, waterjet cutting cuts to the accuracy of 0.025mm depending on the thickness of the part looking at figure 1.2 you can see the clear difference in finish quality between laser cutting and waterjet cutting, it also saves money by greater material utilization where by more traditional methods create swarf. Another benefit to abrasive water cutting is that it’s a cold cutting process which doesn’t produce any HAZ (heat affected zones) this means the material will not warp, harden or discolour. (Miller, 1991)
Another benefit would be that this process does not leave burrs on the product. Furthermore, with other machine processes they use multiple tools to carry out operations to have the same result as the water jet, whereas, with abrasive Waterjet cutting there is no need for multiple tools. The Waterjet is also considered a green machining process meaning it doesn’t give off any dangerous gasses or dust harmful to employees’ health and the environment. (Grant, 2017) 

[image: Image result for water jet cutting finish]
Figure 1.2 Differences between laser and waterjet finish quality
[bookmark: _Toc510777056] Downside of abrasive water cutting 
The main disadvantages of water jet cutting is the time in which it takes to cut hard materials such as tool steel, even though it can cut this material it takes too long which then makes it uneconomical, this means if the company is cutting hard metals this method would probably not be the best process to choose.
[image: ]Another disadvantage is its ability to cut through large material because of water displacement reduced the accuracy when cutting through large work pieces making the bottom of the cut to be wider and cause a wavy form as shown in figure 1.3. 
figure 1.3 shows waterjet lag which is a downside of cutting hard thick mateials this can only be decreased by slowing down the cut and increasing the  pressure. Figure 1.2- Abrasive waterjet cutting lag

Tapeing also causing a problem this is where water exits the workpiece at a different angle causing it to make discrepancys in the finish and may lead it to being out of specification. (escco, 2018)
[bookmark: _Toc510777057]2. Laser jet cutting 
There are 2 types of laser cutting which are; Co2 laser cutting which is used for industrial cutting and can cut through materials such as mild steel, aluminium, stainless steel & titanium. There is also YAG laser cutting which is normally used for scribing metals.
I will be investigating Co2 laser cutting which now widely used in the manufacturing industry. 

[image: Image result for laser cutting diagram]Figure 2.1 - laser cutting diagram

The basic mechanism for cutting using a laser works by a high intensity beam of infrared light off a single wave length is generated by a laser. The beam focuses on the workpiece by the use of a lens shown in figure 2, this then makes a very localised melt of the metal usually 0.5mm in diameter through the workpiece, the molten material is then removed from the cutting area via a pressured gas jet. This gas jet can also accelerate the process when cutting materials such as steel because the pure oxygen heats up due to the oxidation process creating its own heat the oxygen releases up to 5 times the energy of the laser alone, making the process more efficient. The localised beam is then moved around the material cutting the desired components. (Powell, 1993) 
This process needs a lot of energy to vaporize the metal and a high powered laser this is the reason why it’s slower than other conventional processes but it produced a good quality cut.  

[bookmark: _Toc510777058]Why use laser cutting?
Laser cutting offers a lot of advantages over other machine cutting processes, for example, laser cutting only uses around 10kw of energy whereas other traditional methods use around 50kw of energy when cutting metals. Additionally, because the laser doesn’t touch the part it minimises the chance of the part warping because only a small area is heating up, it also makes it easier to hold the workpiece and makes the cut more fine without contamination. Another benefit of no mechanical force being applied on the workpiece means that no physical damage can occur.  In other heat cutting method like plasma cutting the HAZ is larger because laser cutting is a more precise cut. (medium, 2017)


[bookmark: _Toc510777059]Downside of laser cutting 
Laser cutting has some disadvantages that must be looked at, for example, even though the HAZ is considerably smaller than other methods it still occurs, which means the finish will not be as good as water jet cutting and there is a possibility the workpiece could warp.  Laser cutting has a higher energy consumption compared to other techniques and the hardening around the edges of the workpiece makes it more difficult to further machine. An addition a downfall is that laser cutting is still not able to cut through thick metals like waterjet cutting can. Likewise, another disadvantage is the laser beam is very sensitive, so a slight adjustment to the temperature or distance can lead to burning of the workpiece. Also laser cutting struggles to cut reflective materials like copper and brass and production is affected by the material its cutting. (mainstay manufacturing, 2018)
[bookmark: _Toc510777060]3. Comparing abrasive Waterjet cutting to laser cutting
I will now be comparing the two types of Machine I have analysed to find out which would be best suited to the engineering environment.
 I will be considering the following:
· Which produces the best quality of parts?
· Which is the most expensive to set up?
· How much maintenance will be involved?
· Which machine will have the lowest cycle time?
 
[bookmark: _Toc510777061]Which produces the best quality 
Figure 3.1 & 3.2 is the results of an experiment carried out and published in the American journal of engineering in 2016, the Experimental Study of Surface Roughness and Micro-Hardness Obtained by Cutting Carbon Steel with Abrasive Waterjet and Laser Beam Technologies. 
[image: http://pubs.sciepub.com/ajme/4/5/2/bigimage/fig6.png]Figure 3.2 - comparison between samples

[image: ]Figure 3.1- Graph showing experiments results

The images above demonstrates the results of both cuts, from this you can see both; laser cutting and abrasive water jet cutting surfaces finish progressively get rougher as it gets through the cut. However, abrasive water jet cutting gives the best finish out of both techniques. You can also observe that the surface finish of the waterjet cutting levels off, this is because from 4mm to 6mm the lag is the same. However, with laser cutting it progressively gets worse as the material is cut due to the fact that as the particles move down during the cutting process, they lose their cutting ability and kinetic energy. The roughest part is where the laser breaks through the material; this is due to HAZ deforming the part.  From this experiment I would say abrasive waterjet cutting would give the better quality finish. (Mohammad S. Alsoufi, 2016)

[bookmark: _Toc510777062]Which is easier to maintain 
 Abrasive water jet cutting is much easier to maintain because it’s a much simpler system whereby the maintenance tasks are straight forward and the only regular maintenance task would be to change the jewel in the nozzle, but if you use diamond, which would be the more expensive option, it will work out to be cost effective as it will last between 800 – 2,000 hours. Laser cutting is a much more complicated system whereby the laser band will move closer together creating a high intensity beam if this was to need fixing it would be a lot more complex, however this system will probably not need much regular maintenance especially as it does not touch the part. (waterjets.org, 2018)

[bookmark: _Toc510777063]Which is more cost effective & comparing the process speeds  
Laser cutting is the cheaper of the two processes simply because the abrasive compound used in waterjet cutting is expensive and makes up over 50% of the cost. Also with reference to the waterjet cutting, it is more expensive because as the thickness of the part increases so does the process time, however, for example; laser cutting can only cut through 20mm of mild steal where abrasive water jet can cut through up to 75mm thickness.  (wright, 2016) Below shows the process time which as you can see is considerable longer for abrasive water jet cutting (figure3.3) and the reason why it’s so expensive  (figure 3.4) this is for a standard 37KW pump by increasing the pump to a 73.5KW pump the process speed will improve reducing the cost of production. (U.andersson, 2005)
	
[image: https://static.thefabricator.com/a/making-sense-of-metal-cutting-technologies-laser-cutting-machine-comparison-B-zoom.jpg]Figure 3.3 - Part process time 

[image: Image result for cost of abrasive waterjet cutting]Figure 3.4 – breakdown of costs for abrasive water jet cutting 










[bookmark: _Toc510777064]Conclusion
As stated above I have analysed the 4 main areas to compare abrasive waterjet cutting and laser cutting. The table below is to score these processes to determine which is better suited to the customer for their needs. They will be scored 1-3 (1- good, 2-satifactory 3- poor) the lowest scoring will be the best process to pick.


	4 deciding factors 
	abrassive waterjet cutting
	laser cutting 

	cost
	3
	2

	quality
	1
	2

	maintenace 
	1
	2

	cycle time 
	3
	3

	Total
	8
	9



[bookmark: _Toc510777065]Results and recommendations 
From these results I would recommend the company switches to abrasive waterjet cutting, however this also depends on many factors such as can abrasive waterjet cutting meet their production quantity and can the company afford to change to abrasive waterjet cutting. Both laser cutting and abrasive waterjet cutting have their limitations but if the company has to make components which have tight tolerances you may need to look for a secondary process if they went for laser cutting. For these reasons I would recommend them switching to abrasive waterjet cutting which is the more flexible cutting process.
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