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[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK11][bookmark: OLE_LINK12]A company manufactures a variety of products such as fasteners well as fixings and springs. These products are currently manufactured using pressing, forming and laser cutting methods. The company aims at introducing advanced and modern machining methods such as waterjet and ultrasonic machining methods. The current report will discuss the advantages and disadvantages of waterjet and ultrasonic machining methods in order to help the company to choose the best and optimum method for their products. The report will discuss and compare the various features of these methods and their applicability to industries. This will also include a discussion of the possible consequences on the industry when such methods are utilised.
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Machining is the science of cutting materials using certain cutting tools and approaches. The machining methods can be categorised into traditional and non-traditional or advanced methods. The traditional methods include those which are widely used such as milling and saw operations whereas the non-traditional methods include those modern technologies such as laser, waterjet and ultrasonic methods. When comparing these two categories, the traditional methods produce a huge amount of waste, i.e. chips, and are considered slow when compared to advanced methods which are very fast with a minimal amount of waste during operation. This has started to attract the various industries due to the high quality and speed of completion of the produce parts as well as the high accuracy of the manufactured products. The current report will compared two of the advanced methods: the waterjet technology and the ultrasonic machining method (Advanced_Machining, 2018).A company manufactures a variety of products such as fasteners well as fixings and springs. These products are currently manufactured using pressing, forming and laser cutting methods. The company aims at introducing advanced and modern machining methods such as waterjet and ultrasonic machining methods. The current report will discuss the advantages and disadvantages of waterjet and ultrasonic machining methods in order to help the company to choose the best and optimum method for their products. The report will discuss and compare the various features of these methods and their applicability to industries. This will also include a discussion of the possible consequences on the industry when such methods are utilised
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The waterjet and ultrasonic machining methods are considered modern and advanced for machining metals and non-metals. However, each of these methods has its own advantages and disadvantages and this will be the basis for comparison between the two approaches. 

Waterjet Machining

The waterjet method, Figure 1, is a technique that uses water as the main stream for cutting materials. In this case, the high speed of water is capable of cutting soft materials such as rubber and plastics. The water gains its high pressure through an intensifier pump which increases the pressure to extreme levels capable of cutting materials. The high pressure water is forced to pass through an orifice jewel, or nozzle, that focuses the beam of water onto the workpiece at speeds of 900m/s. In order to make the process capable of cutting hard metals, the water is pre-mixed with abrasive particles such as hard garnet. The particles are mixed with the water in the mixing chamber before being forced to hit the surface of the workpiece. The high speed of water alongside the inclusion of abrasive particles make the water capable of cutting metals, glass and ceramic materials at very high accuracy (OSS, 2018).
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The advantages of the waterjet method includes (Badgujar, 2014): (1) it is a cheap method since water is cheap and available, (2) this method can cut any shape, (3) the cut is very precise and accurate, (4) it is flexible and can start at any point at the workpiece, (5) high quality in terms of surface finish, (6) vert fast and low material waste, (7) no thermal effects on the workpiece, (8) no toxic dust during the process and, (9) no fire hazards. 
On the other hand, there are several disadvantages and this includes (Badgujar, 2014): (1) the process is relatively slow when hard materials are to be cut such as steels when compared to plastics, (2) it is limited to a certain thickness beyond which the process become inaccurate due to the deviation of the water stream at larger thicknesses, (3) this method is expensive in terms of maintenance and might not be suitable for mass production. 
Ultrasonic Machining
The ultrasonic machining method, Figure 2, applies a high frequency vibration utilising a tool and abrasive particles against the workpiece. The repetitive actions of the abrasive particles remove the material from the surface of the workpiece and hence result in machining of the part. The abrasive particles are held in liquid ‘slurry’ and pushed against the surface to be machined where the material is removed by erosion with the abrasive particles. The vibrations action is provided by the machine and transmitted to a tool of a certain shape and then the abrasive particles. This means the tool causes the abrasive particles to be hammered onto the workpiece and this causes micro-indentation of the workpiece. The abrasive particles that have abraded are removed by the action of vibration away from the machined surface. This provides a high quality surface after machining according to the desired requirements (Samal, 2016).
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The advantages of this method include (Himanshu, 2018): (1) capability of machining hard and brittle materials as well as non-conductive materials, (2) this method does not produce any heat, (3) less waste is produced during the process, (4) it is easy and can be used in small places.
On the other hand, the disadvantages include (Himanshu, 2018): (1) it is a slow process since the metal removal rate is very slow, (2) tool wear due to the abrasive action of particles which requires tools made of very hard materials, (3) it becomes inaccurate if the tool is not changed, (4) it requires a high level of experience of the applied parameters (frequency, feed force, etc.)
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At this stage, it would be helpful to compare the waterjet and ultrasonic machining methods in terms of energy sources, removal mechanism of the material, removal rate, wear of tools, thermal stresses and health and safety (TESKO, 2018). An overall comparison between waterjet and ultrasonic machining is summarised in. 
[bookmark: _Toc509150940]Table 1: The waterjet vs. ultrasonic machining method.
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	The Ultrasonic Method
	The Waterjet Method

	Description
	The tool is vibrated via ultrasound waves against the workpiece
	Water mixed with abrasives is focused on the workpiece

	Energy source
	Transducers that produce high level of frequency
	Pump that provides high level of pressure

	Mechanism
	Removal of material by vibration
	Removal of material by a strong stream of water

	Applications
	Brittle materials
	All materials

	Rate of removal
	Relatively slow
	Relatively fast

	Parts wear
	The tool is subjected to wear and erosion
	The nozzle and mixing chamber are subjected to wear

	Thermal stresses
	No thermal stresses 
	No thermal stresses

	Health and safety
	Very safe
	Safety protective equipment is required

	Gases and dust
	No gases or dust
	No gases or dust



Non-Traditional Approaches and Industries

[bookmark: OLE_LINK6][bookmark: OLE_LINK7]The machining sector is a wide spread business that involves several industries such as aerospace and automotive. The modern methods are now integrated with computer capabilities for designing and production and this has allowed higher accuracy of manufacturing of components. The machining process is dependent upon several factors such as quality, cost, accuracy and other factors. In order to obtain optimum properties, modelling capabilities have started to appear and this has started to provide optimum measures in terms of parameters. Machining processes have started to influence industries as well as economy as such advanced methods have started to reduce time of completion and therefore allowed mass production of components. This has brought more profit to industries and led to high quality products that can be traded at acceptable price. On the other hand, the computer-based methods have started to affect employment of people and possibly increased the level of unemployment. This means that it is a requirement to have a strategic plan to select a suitable machining process that benefits industries as well as people. When discussing the capital cost, such advanced methods might sometimes have high cost, however, this is paid back in terms of the high production rate and quality of products as well as energy consumption. On the other hand, it will be helpful to be aware of the type of customers that need to be targeted, e.g. the aerospace and automotive industries. In this regard, such clients require very high accuracy of products as well as high production rate. This is unlike when other industries such as the furniture industry are targeted which do not necessarily require high tolerances in their products. In other words, such advanced methods will bring reputation as well as profit to the various parties involved in the whole process (CECIMO, 2011).
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The Cambridge Engineering Selector (CES) is a useful tool in order to compare processes and materials. In this regard, the comparison of methods will be based on several factors such as speed of cutting, intensity of labour as well as the continuity of the process. The obtained results, Figure 3 and Figure 4, show that waterjet machining is considered one of the fastest approaches for cutting and machining of parts. This process is continuous and satisfactory for mass production.
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[bookmark: _Ref507955470][bookmark: _Toc509150939]Figure 4: The CES results of continuity of the machining process
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The advanced machining methods are very useful for fast cutting of materials at a high level of accuracy. The waterjet machining is a very fast method and capable of cutting most types of materials when compared to the ultrasonic machining method. This has been shown through literature studies as well as the CES results. The machining process has a direct impact on the industry as it provides a high level of reputation and accuracy to customers. This means that the selection of the right process can influence the production rate as well as profit to industries. This is important and can result in development of such methods and optimisation of parameters for future use.
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