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[bookmark: _Toc510540190]2.0 Introduction

During the early 18th Century, Britain started manufacturing products using machines rather than by hand. Mass production was achieved by replacing water and animal power with steam powered machines. This was known as the Industrial Revolution (The British Museum, 2008). Fast forward more than 200 years and businesses are still looking for ways to revolutionise their industry. They are continually looking to modernise manufacturing processes in order to produce a higher output, higher quality product in order to remain competitive and maximise profits.
Over the last 10 years, productivity has drastically increased. This is mainly due to the introduction of robots; machines that are programmed by computers to carry out a set task. Robots are replacing humans because they are more precise and consistent. They can handle a variety of tasks and applications whilst working 24/7. They are faster and can work in a wide range of environments (RobotWorx, 2018). The benefits of this automations are why companies are always looking at areas where robots can benefit their businesses.
This report will look at two non-traditional machining technologies which could potentially be implemented into a company that manufactures a variety of components such as fastenings, fixings and springs to expand and modernise the business.
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[bookmark: _Toc510540192]3.1 What is Wire EDM Machining?

Wire-Cut Electrical Discharge Machining (EDM) is a type of machining where by an electrical spark is created between two electrodes, one being the workpiece, via a long spool of coated brass wire. (XACT Wire EDM Corporation, 2018). 
[bookmark: _GoBack]The electrode and workpiece are separated by a dielectric fluid which acts as an electric isolator until enough voltage is applied to bring the fluid to the point of ionisation. At this point the fluid becomes a conductor and allows the electrical charge to pass through the wire to the workpiece. The subsequent heat from the spark is what erodes the workpiece to create the desired shape and the fluid flushes away the remaining debris (Wright, 2017). [bookmark: _Toc510545010]Figure 1 - EDM Wire Cutting

Due to the fine wire use, intricate shapes can be created that would not normally be possible with traditional machining methods.



[bookmark: _Toc510545011]Figure 2 - Typical EDM Machine
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The current flow between the electrodes is not continuous. Instead, instantaneous pulses are used repeatedly to erode a feature at a rate of 20,000-30,000 Hz. 
This electric energy turns into thermal energy which generates a channel of plasma between the anode and cathode which usually has a temperature range of 8,000 °C to 12,000 °C, though sometimes this can reach temperatures in excess of 20,000 °C. Once the pulses are stopped, the plasma cools and the dielectric water, that the workpiece is sat in, flushes into the plasma channel and washes away the microscopic, molten material.[bookmark: _Toc510545012]Figure 3 - EDM Cut Path

By melting the material away from the workpiece, super fine and accurate results can be produced. The typical amount of material removed by Wire EDM is between 0.1 to 1 micron and the material removal rate is between 2-400mm3/min.  (Ho & Newman, 2003).

Wire EDM Machining is one of the most favourable machining techniques owing to its ability to machine conductive, exotic and high strength and temperature resistive (HSTR) materials with the scope of generating intricate shapes and profiles (Ho & Newman, 2003). Metals such as Niobium Alloys and Tungsten are often used to create superalloys which drastically increase metals properties. Wire EDM has the ability to cut through these very hard (See Figure 1.2) and heat resistive materials, where other processes would struggle.
[bookmark: _Toc510545013]Figure 4 - Mohs Scale of Hardness
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Advantages;
· Has the ability to create complex shapes
· Has the ability to cut extremely hard and exotic materials
· Can create products that have very tight tolerances
· Can cut very small work pieces which conventional tools may damage
· Can cut weak and delicate materials as there is no direct contact between tool and work piece
· No burrs after machining which means no polishing after the process is complete
· Can be completely autonomous and perform unattended
· Electrodes/Wire is much cheaper to replace than conventional diamond/carbide tools
Disadvantages;
· Cutting rate is slower than some conventional processes
· Can only cut conductive materials
· More expensive to purchase than conventional machines
· Power consumption is higher than conventional machines
· ‘Over-cut’ is formed as the wire must travel in and out therefore cannot complete inner shapes
[bookmark: _Toc510545014]Figure 5 - EDM in Action
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[bookmark: _Toc510540196]4.1 What is Abrasive Waterjet Machining?

Abrasive Waterjet Machining is the process of cutting materials by means of erosion, using a high-pressure water stream fired at a material which also has added garnet abrasive (JIT Companies, 2017).
A pump provides the high-pressure water to the cutting head where it is then forced through a small hole often known as an ‘orifice’ or ‘jewel’ As the water leaves the jewel, an abrasive is added to the water and mixed (OMAX Waterjets, 2018). This combination of high pressure water and abrasive means that hard materials such as metal, can be cut by the high velocity abrasive particles leaving the mixing tube (see figure 2.1).[bookmark: _Toc510545015]Figure 6 - Abrasive Waterjet Machine







[bookmark: _Toc510545016]Figure 7 - Abrasive Waterjet Nozzle








Abrasive water jet cutting can be used on almost all types of material. Depending on how much pressure is created by the pump decides on how much garnet abrasive is added to the water. This means that it can be used to cut paper and cardboard, all the way up to thick metal plates. Machines can range in size from a few square feet all the way up to hundreds of square feet (Krajcarz, 2014).
[bookmark: _Toc510540197]4.2 The Science

Inlet water to the waterjet nozzle is usually pressurised to somewhere between 20,000 to 94,000 PSI by most commonly a direct drive pump (See Figure 2.2). Instead of this high-pressure water cutting through the material, it fires the garnet abrasive at the material which erodes the surface to create the cut. This high velocity garnet can travel close to 2,400 mph once it leaves the nozzle (Hydromar, 2018).
[bookmark: _Toc510545017]Figure 8 - Direct Drive Pump









As the waterjet cuts through a material, the water beam will bend as it cuts. This lag as it is also known, can determine the overall quality of the cut therefore meaning that cutting speed and edge quality as directly related. At a high feed rate the curvature as it passes through the material increases. Thickness and hardness of the material can also affect this. For this reason, careful consideration must be taken to decide on the right feed rate for a specific material. The typical transverse speed is between 0.42-2.5 mm/s (Selvan, 2011).
[bookmark: _Toc510545018]Figure 9 - Water Beam Bending










[image: https://res.cloudinary.com/engineering-com/image/upload/w_640,h_640,c_limit/Waterjet_Materials2_q9bwib.jpg]Versatility is one of the primary strengths of waterjet technology. An abrasive waterjet machine can cut a whole range of different materials. As mentioned previously, depending on the material will depend on how quick the machine can work (Wright, 2016). Figure 2.4 shows the speed of the machine depending on what materials it is cutting.[bookmark: _Toc510545019]Figure 10 - Waterjet Cutting Speeds from Slow to Fast







One way to increase the speed that a certain material is cut, is to increase the pressure. Some experts have stated that increasing the water pressure from 60,000 psi to 90,000 psi can achieve a cutting speed increase of more than 50 percent.
Newtons 2nd Law states that for a constant mass, force equals mass times acceleration. 
Force (F) = Mass (M) x Acceleration (A)
The mass in this case would be the garnet abrasive which usually have a mass flow rate of 8-15 g/s (Selvan, 2011) and it is constant. The acceleration would be the water pressure, between 60,000-90,000 psi. When the water pressure is increased, the resulting force of the jet is increased thus cutting through the workpiece quicker. 
Experts also believe that due to the increased acceleration of the waterjet, the abrasive particles also carry more energy and therefore less are needed to cut the required workpiece, therefore saving money as the abrasive constitutes about 2/3 of the total machine operating cost (Hydromar, 2018).






[bookmark: _Toc510540198]4.3 Advantages and Disadvantages

Advantages;
· Has the ability to create complex shapes
· Has the ability to cut almost all materials
· The workpiece is ‘cold cut’ meaning it does not get heated so therefore does not warp
· Regarded as ‘green’ technology as it doesn’t produce harmful waste
· Abrasive material can be recycled
· Water remains in a closed loop system, therefore not much water is actually used
· Very little to no burrs after machining which means no polishing after the process is complete
· Can be completely autonomous and perform unattended
Disadvantages;
· Cutting rate is slower than some conventional processes
· More expensive to purchase than conventional machines
· Expensive to purchase at the beginning
· Operating and Maintenance costs are low
· Cannot cut very hard materials
[bookmark: _Toc510545020]Figure 11 - Abrasive Waterjet Cutting in Action











[bookmark: _Toc510540199]5.0 Conclusion
[bookmark: _Toc510540200]5.1 EDM Machining vs Abrasive Waterjet Machining
	Comparison
	EDM Machining
	Abrasive Waterjet Machining

	[image: Image result for green tick]Accuracy
	0.0001 mm
	0.003 mm

	Max Material Thickness
	[image: Image result for green tick]0 - 30 cm
	0 – 60 cm

	Type of Material Cut
	[image: Image result for green tick]Conductive Only
	Virtually Any

	Cutting Speed
	[image: Image result for green tick]Slower than Abrasive Waterjet
	Faster than
 EDM

	[image: Image result for green tick]Cut Quality
	Excellent
	Good

	Capital Investment
	[image: Image result for green tick]£150k - +£500k
	£90k - +£400k

	[image: Image result for green tick]Burr Formation
	None
	Minimal

	Operating Set Up
	[image: Image result for green tick]Different wires for different materials
	Same for all
 materials




Having looking into these two types of non-traditional machines, it is easy to see how they both have many similarities. They are both modern machines controlled by a computer which means they are both very accurate and have a good quality of cut.
Waterjet cutting is, as described previously, an environmentally friendly machine. It does not release harmful gases into the atmosphere like many non-traditional machines like EDM. This could be a major part for a business who is looking to be ‘green’ moving into the future.
Waterjet cutting also has the ability to cut almost any thickness of material. EDM is limited to about 30cm and cutting this would be painfully slow. Waterjet on the other hand can cut material up to 60cm and is much quicker than EDM.
Compared to EDM however, one of the greatest advantages of waterjet cutting, is it versatility. It has the ability to cut virtually any material where EDM is restricted to only conductive materials. This would and should be a major deciding factor for any business when buying new equipment. 
Based on the above, abrasive waterjet cutting would be a better option for this company primarily based on the fact that fastenings, fixings and springs can now be manufactured from less expensive, non-conductive materials than EDM simply would not be able to cut.
[bookmark: _Toc510540201]5.2 Effects on the Business

‘The manufacturing sector is a fast-changing, cut-throat industry’ (Hurworth, 2015). Unless a product is completely niche then the likely hood is, someone else is trying to make a better performing product, quicker, smarter and cheaper.
For these reasons it is important to invest in technologies and infrastructure to not only stay ‘ahead of the game’ but also plan for the future. New machines and technologies allow businesses to sustain growth and meet new demands should they arise, they also improve quality and speed as this report has determined. In the long run they have the ability to lower production costs and create a better working and cleaner environment.
With the introduction of new machines, parts with greater complexity can be achieved. This means new products can be manufactured to replace aging ones. Again, this innovation is what will keep a company from falling behind its competitors.
All of these reasons are why it is important for businesses to invest in new technologies such as non-traditional machines like abrasive waterjet cutters and EDM and the effects on the company in the long run can only be positive.
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