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[bookmark: _Toc510625348]I	Executive Summary
In order for a company to modernise and expand its manufacturing capabilities two non-traditional machining techniques, Abrasive waterjet cutting and Plasma Arc cutting are scrutinised and compared to explore their feasibility in the production of fastenings and fixings for the automotive industry. The Scientific principles, advantages and dis-advantages and a comparison of both Machining processes will be presented, together with a short conclusion of which could be a preferable choice and how the new technology could effect the company within their industry sector.   
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1 [bookmark: _Toc463420707][bookmark: _Toc464230168][bookmark: _Toc510625352]Introduction

Within the manufacturing sector, the requirement to appease shareholders by continuously maximising company values, pushes the requirement to decrease costs, streamline production and continuously seek new technologies in order to stay ahead of the competition (Yang, 2013).   et al 2014, suggests these new technologies may well have existed for some time, however, it’s not only until recent years and the advances in computer technologies and control, where they could now become a viable option for various manufacturing applications. This development of new technologies has also led rise to emerging new materials, which could pose challenges for traditional machining/cutting processes and require a more innovative means of machining.
This Report will detail two such non-traditional processes, Abrasive Water Jet Machining (AWJM) and Plasma Arc Cutting, compare and contrast them and conclude their feasibility for use in the manufacturing of components such as fastenings, fixings and tension, torsion and compression springs.  


2 [bookmark: _Toc510625353]Abrasive Water Jet Cutting 

Industrial water jet cutting was first seen in the 1930’s with the introduction of narrow water jets, however, it was not till the early 1970’s and creation of a small waterjet orifice that the cutting technique presented signs of commercial possibility (K.M, 2015). Modern abrasive waterjets were documented in the 1980’s, allowing for the cutting of hard materials such glass and steel. An example of a modern day Abrasive Water Jet Machine is shown in Figure 1
 
[image: ]
[bookmark: _Ref508806988][bookmark: _Toc509931585]Figure 1: Modern day Abrasive Water Jet Machine
(Remtex, 2018)






[bookmark: _Toc510625354]2.1	System Components for Abrasive Water Jet Machining (AWJM)

Figure 2 shows the working components required for AWJM. Omax.com 2018, defines the process beginning at a large electric driven oil pump, which pumps oil at approximately 3000 psi into a heavy duty intensifier (pressure amplifier) assembly. Inside the intensifier the pressure is increased from domestic supply pressure (50-60 psi) up to pressures ranging between 40,000 and 60,000 psi. This increase in pressure is achieved due to the greater surface area of the hydraulic piston (20 times the surface area of the water piston) to amplify water pressure to 20 times the pressure of the oil. The ultra-high pressure water is then fed via stainless steel pressure piping into a cutting head on a profile cutting table.


[image: ]
[bookmark: _Ref508806665][bookmark: _Toc509931586]Figure 2: System Components for AWJM
(PWJ, 2015)




[bookmark: _Toc510625355]2.2	Abrasive Water Jet Cutting Head Process

Figure 3[image: ] demonstrates pictorially that an abrasive water jet utilises a high velocity coherent stream of water and abrasive that can be used to cut almost any material. Water ranging between approximately 40,000 to 60,000 psi accelerates through an orifice die, of either diamond, sapphire or ruby and onwards to a mixing chamber where a vacuum, induced by the stream of water, draws in abrasive particles of approximately 10 to 150µm in size. The momentum of the abrasive stream accelerates the abrasive through a nozzle exiting as a three parts mixture of air, water and abrasive particles with a varying cutting diameter of between 0.5 and 1.5mm in diameter. The Abrasive water mix cuts the material by means of erosion, moving the nozzle in a pre-set direction at a specified traverse speed to achieve a desired surface                   finish (Nambiath, 2016). [bookmark: _Ref508749483][bookmark: _Toc509931587]Figure 3: Internal operation of an Abrasive water jet


 
(Nambiath, 2016)

[bookmark: _Toc510625357]2.3	Abrasive Water Jet Cutting Process Parameters

According to Luo, S. et al 2013 there are essential process parameters to consider with AWJM that have a direct effect on the quality of the machined surface; 
Types of abrasive: The abrasive is selected based on the hardness of the material but generally Garnet is utilised due to its chemical composition and its strong atomic bonds, which shows a hardness range of between 6.5 and 7.5 on the Mohs scale. Possible alternatives could be silica sand, corundum, glass beads and olivine sand.

Traverse speed: The abrasive water jet stream will arc as the traverse speed is increased and the deeper the material penetration required, this affects the surface finish of the material and so a uniform velocity is advocated. Furthermore, when traverse rates increase the depth of the cut decreases and there is a minimum traverse rate that will result in the maximum depth of cut.
[image: EFFECT OF FEED RATE
 ]
[bookmark: _Ref509675551][bookmark: _Toc509931588]Figure 4: Effects of Traverse Speed
  
Abrasive flow rate: Depth of cut and abrasive flow rate can have linear relationship until the abrasive flowrate increases to a point, where particle velocity will begin decrease as the mixture percentages alter, thus after a critical flow rate the cutting effectiveness decreases (Zhenglong, D et al 2014). This can be shown by Newtons 2nd Law of motion which roughly states:
	Acceleration is produced when a force acts on a mass. The greater the mass (of the object being accelerated) the greater the amount of net force needed (to accelerate the object).
F (force) = m (mass) x a (acceleration)
Therefore, if we presume that if the abrasive flow rate increases hence the mass of abrasive particles within the water jet stream increases, then to maintain the acceleration of particles required to cut the material the Net Force must be increased.   
Stand-off Distance: There are indications that the depth of the cut has a direct relationship to the Stand-off distance and when distances of approximately 80mm are reached then the transfer between material cutting and material cleaning commence (Alberdi et al 2016) 
There are also important quality parameters in AWJM such as, Material Removal Rate (MRR), Surface Roughness (SR), Kerf width, tapering of Kerf.  
[bookmark: _Toc510625358]2.4	Advantages and Dis-advantages of AWJM
[bookmark: _Toc510625359]2.4.1 	Advantages
· The use of AWJM is extremely versatile and can be utilised to cut virtually any type of material, however, for softer materials then water jet cutting maybe a more appropriate means of cutting as the abrasive component may not be required for materials such as food and paper for example. 
· AWJM has one great advantage in that it produces no thermal deformation, thus no burnt or melted edges. This can be cost saving as no finishing process may be required, thus reducing the number of machines required to produce a product.
· AWJM could be considered to be easy programmable with the operator only needing to establish a cutting path plan within the chosen software, there are no change in tooling required which could well speed up the process.
· Depending on if abrasive is utilised or not, AWJM is equipped to cut a range of thick and thin materials and the stacking of thin parts clamped together is also an option that can help speed up production.
· AWJM produces a small incision cut (Kerf) which could minimise material waste and if components are set out to minimise space, for example on sheet metal material costs could be saved.
· One of AWJM’s main advantages would be the non-production of any harmful gases, dust or particles that could be inhaled during production, this would benefit in the easy siting of the machine. 
[bookmark: _Toc510625360]2.4.2	Dis-advantages
· AWJM cutting feed rates have to be greatly reduced to ensure tolerances can be achieved and the surface finish is within set parameters, this speed reduction could have an effect on the overall cost of the machining process.
· Thicker materials can pose difficulties when cutting because of the distortion of the water jet stream the further it has to penetrate, as seen in Figure 4, traverse speeds may need to be decreased.
· Orifice dies can be costly, with Ruby averaging 50-100 hour working life and diamond between 800-2000 hours however the cost difference may not outweigh the extra lifespan.      


[bookmark: _Toc510625361]3.0	Plasma Arc Cutting

Salonitis et al suggest that today’s conventional high tolerance plasma cutting has been developed since 1954, as seen in  Figure 5 where Air Plasma cutting was derived from TIG arc welding, which was highly utilised during the war effort for the production of airplanes. The development in Plasma Arc Cutting (PAC) has been made possible by experimenting with gas types, gas flow rates, arc current, arc voltage and nozzle size. 
[image: ]
[bookmark: _Ref509742595][bookmark: _Toc509931589]                                                             Figure 5: Plasma Arc Cutting History Milestones                                 (Salonitis, 2012)

[bookmark: _Toc510625362]3.2	Plasma Arc Cutting Machine components
Figure 6 is an example of a CNC controlled PAC machine that highly resembles the AWJC machine which has been previously detailed in both size and shape.
[image: ]
[bookmark: _Toc509931590]                                                                      Figure 6: Plasma Arc Cutting Machine                               (Ferent-Pipas, 2014)
[bookmark: _Toc510625363]
3.2	Operating Principles of Plasma Arc Cutting

[image: ][image: Fig.2e. high tolerance]Ferent-Pipas, S et al 2014, defines PAC machines work by guiding gas through a contract channel which incorporates a negatively charged electrode running down the centre. A spark is generated when the nozzle tip touches the metal work piece, thus completing an electrical circuit. With the inactive gas passing through the channel, the spark heats until it comes to the fourth state of aggregation and produces conducted plasma current. The temperature is around 20,000 ºC and velocity 6096 m/s. The plasma conducts the electrical current and the cycle of making the arc remains as long as power is provided to the terminal and plasma is in contact with the metal being cut. The power required to initiate the arc is approximately 400V DC and the plasma gas flow is critical to maintain a stable single arc. There are different setups that can improve cutting capabilities and act as a cooling mechanism, including Dual gas, Water injection, Water Shroud and Air Plasma, however, high tolerance plasma arc cutting (HTPAC) is the superior concept which improves cut quality and competes with laser systems (Lucas, 2018). HTPAC constricts the oxygen generated plasma and forces it to swirl when entering the plasma orifice, a separate magnetic field is utilised to stabilise the arc by surrounding it thus producing a high tolerance cut. [bookmark: _Toc509931591]Figure 7: High Tolerance Plasma Arc Cutting


[bookmark: _Toc509931592]                                                                                                                                                Figure 8: Plasma Arc Cutting Head
(Lucas, 2018)


[bookmark: _Toc510625364]3.3	Advantages and Dis-advantages of Plasma Arc Cutting
[bookmark: _Toc510625365]3.3.1	Advantages
· High traverse speeds are major bonus factor with PAC enabling fast production of components
· Wide range of electrically conductive materials including stainless steel and aluminium.
· Ideally suited for sheet material components
· Gives a Narrow Heated Affected Zone (HAZ) together with a thin Kerf resulting in precision cutting capabilities.

[bookmark: _Toc510625366]3.3.2	Dis-advantages
· Unlike AWJM, PAC is only suitable for cutting metals limiting its spectrum of components and its suitability.
· Due to the extremely high temperature required for PAC, approximately 20,000 ºC, the plasma cutting edge may have a destructive influence on the component and result in some degree of thermal deformation.
·  Production costs may increase if air is not suitable as a plasma gas and in high-powered devices argon, hydrogen, nitrogen or carbon dioxide may be more appropriate.
· Generally utilised for large simple components with very simple detail.



[bookmark: _Toc510625367]4.0	Comparison between Abrasive Waterjet and Plasma Arc Cutting

Table 1 shows a basic comparison between AWJC and PAC and it could be concluded that AWJC displays more versatility as a machining process since in many categories it is more superior to PAC. The main advantage of AWJC is its ability to cut most materials, metals, polymers and also including, with exclusion of the abrasive, it can be safe to be utilised within the food industry. It is able to machine both thick and thin components, with high detail capabilities required for precision cutting. Since AWJC utilises water as its main resource and it does not emit any hazardous fumes then it may well be classified as an economically friendly process, as opposed to PAC that can produce dangerous vapours. CES Edupack 2013, does make reference that by employing the water-shielded PAC variation that the potential toxic fumes together with high noise levels are greatly decreased., Thermal deformation and minimal burring could prevent the requirement for further machining thus effecting production costs and duration of manufacture, however AWJC is noted to be costlier than PAC perhaps due to the expensive nature of the jewel orifice. This lack of finishing process will help benefit manufacturing times as one drawback of AWJC is its slow speed rates compared to PAC which are considerably faster.  
[image: ]
[bookmark: _Toc509931537][bookmark: _Toc509931863]Table 1: Comparison Table between AWJC and PAC
(Krajcarz, 2013)
To gain a more comprehensive comparison between AWJC and PAC Table 2 was formulated using data taken from CES Edupack 2013 Version, which is a material and process database. This collated information does display a rather different set of comparisons, one being that PAC is able to is able to cut far greater thicknesses of material. However, Yorkshire Waterjet Ltd 2018, claim to be capable of cutting material thicknesses of 200mm, with 150mm achievable on most metals for example. It does show that AWJC can achieve a tighter tolerance band and an improved degree of roughness but at a cost of slower production speeds, which backs up the data in Table 1. As for cutting processes such as prototyping and machining/Cutting both are utilised and costings depict a similar result as in Table 1 with AWJC being slightly costlier than PAC. 
[image: ]
[bookmark: _Ref509915198][bookmark: _Toc509931538][bookmark: _Toc509931864]                                                                     Table 2: CES Edupack comparison table             (Granta Design Limited, 2013)




[bookmark: _Toc510625368]5.0	Conclusion

The two non-traditional machining processes chosen to explore for future manufacturing were AWJC and PAC. Both have been detailed and compared to one another and it could be concluded that on the basis that the majority of components could be of metal composition with scope for polymer or carbon fibre, and with the addition of intricate architecture that AWJC would be the preferred choice. It is capable of cutting both thick and thin material with no thermal deformation and minimal burring remaining afterwards. The kerf is of high quality producing very little material wastage and sheet components could be stacked on top of one another to be cut simultaneously. Thus, versatility together with the environmentally friendly aspects, no hazardous vapours and the only materials utilised are water and the abrasive addition again clearly support the AWJC method. The one downside is the slow cutting speeds which could have an impact on manufacturing costs however the high-quality finish could negate the necessity for additional finishing machinery hence, possibly alleviating these. 
[bookmark: _GoBack]AWJC has a range of abilities from prototyping, machining and finishing cuts which could enable the machining of various polymer, metal or carbon fibre components used within the production of automobiles. Components could include sensor holders, hose brackets, intricate fibre-glass panels, engine spacers, locking wheel washers etc. Obviously, costings, production time and integration of the machine into to the manufacturing line would need to be considered on an individual component basis to assess feasibility.  
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The objective of this paper is the investigation and
determination of the most important parameters that
influence the cutting quality on oxygen plasma cutting.
Oxygen as a cutting gas is of low cost against other
cutting gases. For this reason, there is a trend in
industrial practice to be extensively used for cutting mild
steel. On the other hand, oxygen is an active gas
reducing the cutting quality of the cuts. The effect of the
most important parameters on quality characteristics,
such as cutting edge surface roughness, conicity and heat

identifying the optimum variables values. The main
advantage of these techniques is that they can provide
results with only a fraction of all the possible
experimental combinations. For this reason, DOE
methods have been extensively used in the optimization
of a vast number of manufacturing processes ranging
from laser cutting and welding [3, 4] to roll forming [5].

For setting a successful DOE programme however,
the key process parameters (factors) and their levels
have to be defined. This is achieved through screening
experiments. The review of the existing literature
revealed that the key process parameters are the cutting
speed (CS), the cutting current (CC), the cutting height
(CH) and the pressure of the plasma gas (PPG). For
setting up the DOE a number of screening experiments
were performed. In table 1, the range that each process
parameter can be set for achieving through cuts is
presented.

Table 1. Screening experiments results
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