








Critical evaluation of non-traditional machining equipment for the manufacturing industry.



Foreword

This report will identify two pieces of manufacturing equipment as appropriate replacements for a company’s traditional manufacturing methods. The identified manufacturing techniques should be modern and allow for the expansion of the company’s manufacturing capability. The company currently uses a range of pressed, formed and laser cutting processes.
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Synopsis

The intention of this report is to identify two manufacturing methods as appropriate replacements for a company's current pressing, forming and laser cutting processes. The proposed manufacturing methods should be modern and allow for the expansion of the company’s manufacturing capability.	Comment by Grammarly: Deleted:The in	Comment by Grammarly: Deleted:ntion of this 	Comment by Grammarly: Deleted:por	Comment by Grammarly: Deleted: is

I have identified abrasive waterjet cutting and Electrical Discharge Machining (EDM) as two possible replacements for the traditional manufacturing methods currently used by the company.

I have detailed the scientific principles behind both manufacturing techniques. I have investigated their current applications within industries. I have compared and contrasted their uses against each other as well as the existing manufacturing techniques employed by the company.

I have concluded my findings to summarise the information compiled in the report. I have also made recommendations using appropriate sources to advocate my proposals.

The main findings in this report detail the applications of both abrasive waterjet cutting and Electrical Discharge Machining (EDM) including their advantages and disadvantages. A comparison of both techniques is included and a conclusion on their application relevance to the company. 	Comment by Grammarly: Deleted:,	Comment by Grammarly: Deleted:e	Comment by Grammarly: Deleted:e

In addition to the report, I have prepared a presentation which details the main findings, conclusions, and recommendations workpiece.	Comment by Grammarly: Deleted:t	Comment by Grammarly: Deleted:in a c	Comment by Grammarly: Deleted:nc	Comment by Grammarly: Deleted:s	Comment by Grammarly: Deleted: mann	Comment by Grammarly: Deleted:r






















Main report

A business’s manufacturing techniques need to stay up to date to allow a company to stay competitive as well as being environmentally aware and to achieve their manufacturing aspirations (Macdonald,1995).

The current manufacturing techniques used by the subject company are pressing, forming and laser cutting processes. Presses have been commonly used for assembly processes as well as forming (Von Steeg, 1999). Forming is a method in which a shape is imposed upon a material without any change in mass (He, 2008). Forming includes a variety of processes, such as punching, blanking, drawing, bending, flanging and coining (Luo, 2010). The combination of these processes allows the manufacture of a wide variety of products.

Laser cutting uses high-density radiance laser beams, focused on a small area of approximately 10 to 100 μm to melt and vaporise the metal workpiece (Zeleny, Pokorny and Lachman, 2014). Industrial processes have been using laser 
cutting technology with increasing frequency for metal processing (Steen, Mazumder, 2010). 

The classic machining processes that have previously been considered as the most appropriate for the job have become overtaken by automated advances including more modern processes and even completely new technology (Ehrlich and Millette, 2015). This includes machining processes that incorporate multiple technologies to accomplish fabrication goals (Ehrlich and Millette, 2015).

One such process is water jet cutting. Water jet cutting applies high-pressure jets to cut practically any materials into 2D or 3D components (Kong, 2016). Waterjet cutting can be defined as ‘low pressure’ or ‘high pressure’ depending on its application, as well as abrasive water jet cutting (Momber and Kovacevic, 2012).

Abrasive waterjet cutting can be achieved through passing water flow at a high pressure through a nozzle directed at a workpiece (Birtu, Avramescu, 2012). 	Comment by Grammarly: Deleted:fa
The waterjet is pressurized to 100-400MPa and forced through the orifice; the abrasive is then added (Birtu, Avramescu, 2012). Once the abrasive and water leave the mixing chamber it is forced through a focusing tube that has a diameter of 0.18 to 0.4 mm (Relekar, Kalase, and Dubal, 2015). It is this pressure and precision mixed with the abrasive material that allows the jet to perform advanced cutting operations. Wang (2018) details the mechanical set up of an abrasive water jet cutting nozzle in Figure 1.
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Figure 1
(Wang, 2018)

Kong (2016) describes abrasive waterjet cutting as “capable of processing any material regardless of its properties”.  Momber and Kovacevic (2012) list the materials commonly machined, as shown in Appendix Table 1. Due to the large variety of materials that can be machined using abrasive waterjet cutting, it can be applied in a wide variety of industries. Momber and Kovacevic (2012) continue to categorise the industrial applications of abrasive waterjet machining as “civil engineering, chemical process engineering, maintenance and corrosion prevention, municipal engineering, automotive engineering and environmental engineering”. 	Comment by Grammarly: Deleted:a

There are many variants that affect the quality of cut produced in the abrasive waterjet machining process (Shah and Patel, 2012). Jegaraj and Babu (2007) categorise these variants into the five parameters in Figure 2.	Comment by Grammarly: Deleted:z	Comment by Grammarly: Deleted:w
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Figure 2
 (Jegaraj and Babu, 2007).

Some of the above factors differ depending on the material of the workpiece, however, some are common throughout. The traverse speed or feed rate in which the nozzle is fed towards the workpiece is a key parameter in determining the quality of the cut and the amount of material removed (Janković et al, 2015).	Comment by Grammarly: Deleted:t
[bookmark: _GoBack]Many materials have been tested as water jet cutting abrasives.  Almandine garnet has been found to be the best, its’ properties include the desired requirement of hardness, toughness, density and particle shape, making it the perfect water jetting abrasive (Rapple, 2014). The height of the nozzle from the workpiece is one of the critical factors to achieve effective water jet cutting (Raback, 2009). When the nozzle is too far away the water jet stream loses coherence whilst traveling through the air, resulting in an increased kerf angle (Wardjet, 2018). Figure 3 demonstrates the relationship between nozzle distance to workpiece and kerf angle.	Comment by Grammarly: Deleted:o
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Figure 3
(Wardjet, 2018)

Another parameter identified by Jegaraj and Babu (2007) is the diameter of the nozzle. You can compare the affect the nozzle diameter has on force produced through the mathematical equation: . A typical pressure used in abrasive waterjet cutting is 30KPa. Two comparable nozzle diameters commonly used are of 0.18mm and 0.4 mm. Below is the calculation of force (N) for both nozzle diameters.

	Nozzle diameter 0.18mm
	Nozzle diameter 0.4mm

	d= 0.18mm=0.00018m
	d= 0.4mm=0.0004m

	






	







	




	





	
	



These calculations present the relationship between nozzle diameter and output force. The increased diameter results in an increased force. However, a compromise should be considered when using a greater diameter nozzle for more water and abrasive used as well as an increased kerf (Wardjet, 2018).

There are many advantages of abrasive waterjet machining that make it such a versatile machining technique. Abrasive waterjet cutting machinery can be associated with computer numerical control allowing it to be quick to program, providing the ability to make money on short runs. (Relekar, Kalase, and Dubal, 2015). This is a much-desired advantage over conventional processes that would require a die to be produced to change a machine's output.	Comment by Grammarly: Deleted:n

Another advantage of abrasive waterjet machining over other machining techniques is that no heat is generated on the workpiece (Hoogstrate et al, 1997). This is a key feature as the properties of the material do not change during the machining process, therefore, no secondary process will have to take place, resulting in reduced manufacturing costs and uncompromised material properties (Kun–Bodnar, Kundrak, and Habil, 2011). This also prevents distortion and warping in the workpiece (Gostimirovic, Kovac and Sekulic, 2011).

A further advantage of abrasive waterjet machining is its independence from coolant or lubricant; there is also no creation of gas from the process (Kun–Bodnar, Kundrak, and Habil, 2011). As more manufacturing companies become environmentally aware this could become a large consideration in choosing a manufacturing technique (Leonidou, Christodoulides and Thwaites, 2016).	Comment by Grammarly: Deleted:u	Comment by Grammarly: Deleted:r	Comment by Grammarly: Deleted:li	Comment by Grammarly: Deleted:a	Comment by Grammarly: Deleted:f

Kun-Bodnar et al (2011) continue to further list advantages of abrasive waterjet cutting.  The workpiece can be up to 300mm thick, material loss can be reduced due to the small cutting gap (0.03 – 1.6 mm), and very complex components can be created. Abrasive waterjet cutting has another unique advantage; the ability to machine virtually any material (Kong, 2016). Kun-Bodnar et al (2011) list these key materials as “non-metallic materials: the simple and the reinforced plastics, rubber, leather, paper; textile; rigid materials: armour-glass, ceramics, rocks, concrete, construction and cladding materials; tough materials: coloured metals, ferrous and non ferrous metals at any state of heat treatment; soft, combustible materials, plastic foams”. This extensive list demonstrates the versatility of abrasive waterjet cutting.

There are disadvantages of abrasive waterjet cutting where other machining methods may be more suitable. These disadvantages include a short lifespan of the cutting nozzle due to continuous wear from the abrasive, resulting in the quality and effectiveness of machining becoming compromised (Jegaraj and Babu, 2007).

Another limitation of abrasive waterjet cutting is the high machinery upkeep costs, as well as the possible unpredictable results (Hoogstrate et al, 1997). High noise level is another disadvantage described by Bondar et al (2011).  A safe level of noise in a working environment is essential and should be considered at all times (Mika and Józwik, 2016).

Another possible machining process that the company should consider as an alternative manufacturing method is Electrical Discharge Machining (EDM). EDM utilises sparks between a workpiece and an electrode; the sparks are created when the electrode and workpiece are subject to an electrical voltage (Jameson, 2001). EDM is a non-contact machining process, that has been developed from a tool and die process to mico-scaling applications (Ho and Newman, 2003).	Comment by Grammarly: Deleted:l

The EDM process uses the thermoelectric energy that is created between an electrode and a workpiece to melt and vaporize unwanted material to perform a ‘cutting’ operation (Abbas, Solomon, and Bahari, 2007). The workpiece and electrode are submerged in a dielectric liquid that acts as an insulating medium (Kunieda, et al., 2005).  The electrode always maintains a required distance from the workpiece called the sparking gap. The material is removed through the heat created in the spark. At the points in which the spark originates and terminates the material is vaporized due to the heat created (Jameson, 2001). The dielectric liquid then cools the heated area; this is one of the dielectrics many functions during EDM, which aids in affecting the material removal rate as well as the properties of the machined surface (Chakraborty, Dey, and Ghosh, 2015). Figure 4 Kunieda et al (2005) illustrates the principle of EDM.	Comment by Grammarly: Deleted:t	Comment by Grammarly: Deleted:t	Comment by Grammarly: Deleted: In
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Figure 4
(Kunieda, et al., 2005).

A common variation on EDM (vertical) is Wire Electrical Discharge Machining (WEDM), which is used to produce more complex shapes (Tosun, Cogun, and Tosun, 2004). WEDM uses the wire to conduct the charge rather than the electrode in EDM. The wire used is commonly copper and has a diameter range of 0.05-0.25mm (Ko-Ta and Fu-Ping, 2006). 

EDM can manufacture a range of materials that other machining techniques struggle to process. During machining EDM applies thermal energy to electrically conductive parts regardless of hardness, an extremely desirable quality for producing automotive, aerospace and surgical components (Ho and Newman, 2003). EDM has increased uses, as more complex materials and components are required and conventional machining operations reach their practical limitations (Guitrau, 1991). Its range of specialist capabilities has enabled EDM to become a common production method in aerospace, aircraft and medical industries as well as most areas of conductive material machining (Spedding and Wang, 1997).

There are many advantages to EDM primarily its ability to machine high strength and temperature resistant materials (Ho, et al., 2004). The process can machine materials independent of their brittleness and hardness (Schubert, et al., 2015).

Another advantage to EDM is its high precision. It is capable of machining holes as small as 0.1mm into uneven surfaces, and it can machine complicated workpieces that are outside the capabilities of mainstream machining processes (Ho and Newman, 2003). A dimensional accuracy of +/- 0.0127 mm is capable during EDM (Engineers Edge, 2018).

An additional advantage of EDM is that there are no mechanical stresses applied to the workpiece, this is due to the electrode never contacting the workpiece; there is also no chatter or vibration during machining (Ho, et al., 2004).

A limitation of EDM is its environmental impact. The manufacturing process consumes large amounts of energy, produces hazardous emissions as well as using a toxic dielectric (Singh and Sharma, 2016). These hazardous conditions result in EDM being considered harmful to the environment and the machine operator (Singh and Sharma, 2016).

A further limitation of EDM is that it can only machine electrically conductive materials (Engineers Edge, 2018). This greatly reduces the range of materials available for production (Skotheim, 1997).

An additional limitation of EDM is the speed in which it can manufacture due to the rate in which material is removed through the sparking process (Tzeng and Chen, 2007). It is possible to increase the speed through the application of greater electrical current, however, this is found to have a directly negative effect on machining accuracy (Tzeng and Chen, 2007).	Comment by Grammarly: Deleted:t	Comment by Grammarly: Deleted:t

Abrasive waterjet machining and EDM are similar machining processes in many ways as both processes use erosion to remove material. Figure 5 displays and compares the output parameters of each machining process.

	
	Abrasive Waterjet Cutting
	Electrical Discharge Machining

	Materials
	Any material
(Kong, 2016)
	Only electrically conductive materials
(Engineers Edge, 2018)

	Thickness
	Up to 300mm thick
(Kun-Bodnar et al, 2011)
	Up to 300mm thick
(Hydromar, 2008)

	Accuracy
	+/- 0.025mm
(Hydromar, 2008)
	+/- 0.0127 mm
(Engineers Edge, 2018)


Figure 5
The parameters in Figure 5 are the basis for most comparison between abrasive waterjet cutting and EDM. Abrasive waterjet cutting has a broader application due to its greater range of manufacturing materials, although the accuracy of EDM is much greater. In comparing machining speed, abrasive waterjet cutting is much quicker (Tzeng and Chen, 2007). Abrasive waterjet cutting does not generate heat during the machining process unlike EDM (Hoogstrate et al, 1997). EDM also requires more set up than abrasive waterjet cutting.	Comment by Grammarly: Deleted:t

To conclude, the application in which the machining is required will be the deciding factor in which manufacturing technique should be chosen. Abrasive waterjet cutting should be firstly considered due to its increased speed as well as compatibility with any material. However, if increased dimensional accuracy is required then EDM would be the preferred machining method. The effect of heat on the workpiece should also be a consideration when choosing a machining technique, as well as the environmental impact from production.	Comment by Grammarly: Deleted:t	Comment by Grammarly: Deleted:nd	Comment by Grammarly: Deleted:plic	Comment by Grammarly: Deleted:on	Comment by Grammarly: Deleted:s
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Appendix

Table 1



	Material
	Can be cut with a waterjet
	Max Thickness (inches)
	Water Only Cutting
	Abrasive Cutting

	Acrylics
	Y
	4
	 
	Y

	Alloys NiCd
	Y
	10
	 
	Y

	Aluminum
	Y
	18
	 
	Y

	Brass
	Y
	10
	 
	Y

	Ceramic Tile
	Y
	2
	 
	Y

	Ceramics
	Y
	8
	 
	Y

	Composites
	Y
	6
	 
	Y

	Copper
	Y
	10
	 
	Y

	Corian
	Y
	6
	Y
	Y

	Foam - Closed Cell
	Y
	20
	Y
	 

	Foam Open Cell
	Y
	30
	 
	 

	FRP
	Y
	3
	 
	Y

	Gaskets
	Y
	2
	Y
	 

	Glass
	Y
	7
	 
	Y

	Granite
	Y
	6
	 
	Y

	Hastalloy
	Y
	10
	 
	Y

	Marble
	Y
	6
	 
	Y

	Phoenalics
	Y
	7
	 
	Y

	Porcelain
	Y
	2
	 
	Y

	Rubber
	Y
	10
	Y
	 

	Seals
	Y
	2
	Y
	 

	Steel
	Y
	12
	 
	Y

	Teflon
	Y
	6
	 
	Y

	Titanium
	Y
	10
	 
	Y

	Toolsteels
	Y
	10
	 
	Y
































(Momber and Kovacevic, 2012)
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