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[bookmark: _Toc508817091]1.0 Introduction
 Machining is an important part of the manufacturing process and is present in almost all of the manufacturing aspects. It is a process in which unwanted material is removed from a workpiece. There are many different types of machining processes. Some of these are conventional such as grinding, milling, band sawing, turning punching /blanking, flame cutting (OX Fuel), cropping …etc. (CES EduPack, 2013) and most of these processes remove materials by using tools that are harder than the materials itself.  The newly developed machining processes are called non-conventional or non-traditional machining. This machining consists of four main types of processes, that include mechanical, thermal, chemical and electrical. All of these four processes are subdivided into other processes, for example mechanical machining which contains three types of processes including water jet cutting, ultrasonic machining and abrasive water jet machining (N.Sinha, n.d.).
[bookmark: _Toc508817092]2.0 Machining process selection procedure 
To select a process an engineer should consider using quality function deployment (QFD) which is a widely used process that encourages companies to concentrate on their customer’s satisfaction; this process will provide better quality planning for the product. The advantages of QFD are a reduction in design time, in the number of design changes, and decreased warranty claim. In this report, some of the QFD principles will be utilized to select an optimal non-traditional machining process that will replace the organization’s current conventional processes. Choosing the most suitable non-traditional machining process (NTM) depends on the process individualities that must be able to meet the requirement of the specific product. These product characteristics include the following:
· Application which consists of two applications
a- Shape application 
b- Material application 
· Tooling and fixtures: if tooling needs to be replaced from time to time.
· Cost of the process and set up 
· Process capability: how good the process is with close tolerance and finishing quality.
· The power requirement and energy consumption  (Dey, 2007)
· The time required for the process to achieve the desired target 
· Level and number of skilled labour required, and process supervision 
· How often process maintained and maintenance cost 
· The size and dimension of the NTM process machine (EngineeringClicks, 2016)

To select suitable processes, a comparison was carried out between the different types of the processes, according to the specific characteristics of each individual process. This included material removal rates, dimension control, surface finish and surface damage, as shown in the below table.   
 



The table shows machining characteristics of non-traditional machining processes 
[image: ]
[bookmark: _Toc508227163]Figure 1 Shows machining characteristic
(Wade, 2016)
· A, excellent 
· B, good
· C, fair
· D, poor 
From the table, it was noticed that a mechanical type, non-traditional process that includes ultrasonic and water jet cutting has more advantage than the other processes listed in the table, which will enhance the quality of the product according to the QFD. Therefore, the two processes were selected.   

[bookmark: _Toc508817093]3.0 Ultrasonic machining 
Ultrasonic machining USM is an example of a non-traditional machining process. It is used to remove material from a surface of an object (Groover, 2013), by using a slurry that contains an abrasive. The slurry will be driven by high velocity against the workpiece by a tool vibrating at amplitude ranging between 0.013 mm and 0.1mm and frequency up to 20 kHz (CES EduPack, 2013). This will allow the tool to oscillate perpendicular in the direction of the workpiece surface, and indent gradually in the material. As a result, the shape of the tool will be printed or formed in the workpiece. The action of the abrasive hitting the part surface will make the cut  (Groover, 2013); the grain size of the abrasive ranges from 100 for roughing and 1000 for finishing. They are usually boron carbide, however, silicon carbide and aluminum oxide are also used. The grains are in a water slurry with a concentration ranging from 20% to 60 %, and the slurry also moves away the debris created by the cutting process from the cutting area. The time of contact between the abrasive particles and the surface is very short; between 10 to 100 s (Kalplakjian, 2003). The removal of material in USM from a given workpiece increases with the increase of the amplitude and frequency of the vibration (Groover, 2013). Materials cut using USM do not experience metallurgical changes, physical or chemical properties of the material, because there are no residual stresses, heat affected zone and burr free piece. The USM is utilised in cutting hard and brittle materials such as ceramic, carbide and glass, and it is also used to cut metal such as titanium and stainless steel (CES EduPack, 2013). The shape that can be obtained by USM is a coining process; a hole along a curved axis and nonrounded holes (Groover, 2013). 
[image: Image result for ultrasonic machining]
[bookmark: _Toc508227164]Figure 2 Ultrasonic machining process
(Albana, 2016)

[bookmark: _Toc508817094]4.0 Abrasive water jet cutting 
[image: ]Abrasive water jet cutting (AWJC) is a process in which water mixed with abrasive particles is used to cut material. It uses high velocity and a high-pressure stream of water pointed at a workpiece to cause cutting on the workpiece. “In order to obtain a fine stream of water, a small nozzle opening of diameter of 0.1to 0.4 mm is used” (CES EduPack, 2013).The pressure of the water must be up to 400 MPa to obtain sufficient energy for cutting, and the velocity of the jet will reach up to 900 m/s; this process can be done using hydraulic pump. The jet nozzle consists of a holder that is made from stainless steel (Groover, 2013) and a jewel nozzle that is often made from sapphires, carbide based on composite, and rubies (Kalplakjian, 2003). Nozzles can also be made from diamond; it operates longer but it is the most expensive. To separate the swarf produced during the cutting, a filtration system must be introduced to the AWJC. Abrasive particles can be added to the water stream at around 0.25 kg/s after it has excited the WJC nozzle. There are many different of types of abrasive, and the most commonly used grit size and flow rate are, silicon, aluminium oxide, garnet. and the grit size will range from 60 and 120 (Groover, 2013). The AWJC is utilized to cut difficult material.[bookmark: _Toc508227165]Figure 3 Abrasive water jet cutting AWJC (CES EduPack, 2013)

[bookmark: _GoBack]AWJC can be applied in many aspects of many industries such as aerospace, construction, automotive, environmental technology, industrial maintenance and chemical process engineering. So far, the high-pressure water jet is available from 276 MPa up to 689 MPa, and the ideal machine size varies from a few square feet to hundreds of square feet. (Krajcarz, 2013).
Figure 3 illustrates AWJC operation.

[bookmark: _Toc508817095]5.0 Discussion 
To evaluate the two-selected process, the advantages and disadvantages of each process were considered, to select the optimum process that could be suitable to the company operations.  
Advantage of ultrasonic machining USM:
· Less heat produced, therefore no heat effect zone on the material 
· Can be used to drill non-circular holes 
· Can be used for machining hard and brittle materials
· Different hole cut shape due to the vibratory motion of the tool (Vaid, 2016) 
· Produces structured results and fine finishing, tolerance range from 0.05- 0.05mm. 
· Rotary Ultrasonic machining, rotating diamond coated tool allows threading, end milling and drilling functionality.
· Can be used for cutting, machining, secondary shaping processes and prototyping.
· Complex cavity shapes are possible to produce.
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[bookmark: _Toc508227166]Figure 4 Types of material that can be cut and shaped by the Ultrasonic machining process
(Leventon, 2014)
The above figure (4) shows types of some of the material that can be cut using ultrasonic machining, which includes glass, graphite, metal and composite material. 
[bookmark: _Toc508817096]5.1 Disadvantages of USM 
· Frequent tool changing due to tool wearing during operation.
· Scrap material cannot be recycled
· Relatively slow compared to water jet cutting (CES EduPack, 2013). 
· Difficulty machining deep holes as the movement of the slurry is restricted.
· Large size slurry grain can cause a problem.
· Machine operation process requires skilled labour.
[bookmark: _Toc508817097]5.2 Application of ultrasonic machining  
 Ultrasonic machining can be used in many different areas of the machining process beside cutting brittle and hard materials such as tool steel and titanium, precious stones, glass and ceramics. It can also be used for machining such as end milling, threading and drilling using ultrasonic machining RUM (CES EduPack, 2013). 
[bookmark: _Toc508817098]5.3 Advantages of abrasive waterjet cutting AWJC
· No heat affected zone.
· Uses one tool for all types of work. 
· The process is environmentally friendly and does not produce harmful dust or particles 
· Smooth finish surfaces; no secondary operation needed.  
· Cut thick and thin materials. 
· The process is safe to operate. 
· The kerf size can be very small, therefore small amount of material is wasted (Gallant, 2018).
· Medium equipment cost, low tooling cost and low labour intensity compared to other machining processes.
·  The process can produce one or multiple prototypes straight from the CAD file (CES EduPack, 2013).
· Very fast set up and programming. 
· The process can virtually cut almost any 2D shape on any material (Mathew, 2012).
· No overall stress on the part undercut (Michal, 2008)
[image: C:\Documents and Settings\Admin\Desktop\6.jpg][bookmark: _Toc508227167]Figure 5 Part cut using abrasive water jet cutting











(Gallant, 2018)

[bookmark: _Toc508817099]5.4 Disadvantages of abrasive waterjet cutting 
· In very thick material, water jet cutting will not give accurate dimension. The jet will swarf during the cutting, and it may cut diagonally or create a wider cut and cause rough pattern.
· Another disadvantage of water jet cutting is the limited amount of material that can be cut economically; the thicker the material the more time needed to cut, which will directly contribute to the cost of the process.
· Abrasive cannot be recyclable  (Gallant, 2018).
· The process cannot be used for primary shaping operations.
· Can only use in flat sheet (CES EduPack, 2013).
[image: C:\Documents and Settings\Admin\Desktop\WaterJetLag.gif][bookmark: _Toc508227168]Figure 6 Uneven cut of thick material shows the disadvantage of AWJC










(Gallant, 2018)

[bookmark: _Toc508817100]5.5 Applications of Abrasive water jet
AWJC is suitable to cut material such as metals, especially when their properties are sensitive to heat or hardening operations (CES EduPack, 2013). It is also suitable to cut mild steel, brittle material, copper, pre-handed steel, composite, quartz stone and ceramic (Gallant, 2018).

[bookmark: _Toc508817101]6.0 Comparing the AWJC and USM and analysis demonstration
To evaluate these two processes and their suitability for the company, the two processes were compared considering list of categories selected from an advantages and disadvantages menu that include the following:
[bookmark: _Toc508817102]6.1 Thickness of the cut material 
According to the (CES EduPack, 2013) AWJC can cut a material thickness range from 0.5 -  25 mm. On the other hand, ultrasonic USM can form, cut, and shape different types of material. 
[bookmark: _Toc508817103]6.2 Thermal deformation of the material 
Neither AWJC nor USM generate heat during the process (CES EduPack, 2013). This will result in a cut with no heat affected zone, that will cause unwanted hardening of the material.
[bookmark: _Toc508817104]6.3 Environmentally friendly  
Both processes, USM and AWJC, are environmentally friendly, purely due to that fact that they do not produce toxic gases or dust from their operations. AWJC can be loud sometimes but wearing protective ears plug will prevent the noise (CES EduPack, 2013), and abrasives cannot be reused. In both process, recycled material cannot be reused.   
[bookmark: _Toc508817105]6.4 Versatility of cut technique 
 Both processes can be used to cut different types of specially hardened material, but the ultrasonic process is more versatile, as it can be used in forming, drilling threading, milling and coining. 
[bookmark: _Toc508817106]6.5 The quality of the surface 
Both processes produce high-quality surface. AWJC has a tolerance ranging from 0.1 -  0.5 mm and roughness ranging from 0.8 – 6.3m, where USM has a tolerance ranging from 0.005 – 0.05 mm and roughness ranging from 0.2 – 1.6 m, which makes USM the better surface finish.
[bookmark: _Toc508817107] 6.6 Cost 
The cost of USM in term of labour intensity is low, and equipment and tooling cost is medium. Where the cost of AWJC relative to equipment is medium, relative to tooling cost is low and labour intensity is low (CES EduPack, 2013).                                                                                


[bookmark: _Toc508817108]7.0 The possible effect of the new technology on the company   
When the company has replaced its current machining process of pressed formed and laser cutting processes, it will significantly impact the company manufacturing process performance from many aspects. Non-traditional machining processes such as abrasive water jet can be used where traditional process are not economical or practical (Groover, 2013). Although laser cutting is a non-traditional process that generates a heat affected zone on the material, it can be replaced by the abrasive water jet cutting process, and the Press forming process which is currently used by the company can be replaced by ultrasonic machining. The fastening and tension can be produced using the USM, and the holes in the torsion feature can be made using any one of the processes. 
The company may need to adjust some of its routine in order to absorb the new machining processes. Therefore adopting the new technology will open new opportunities for the company to expand to inculde new productions involving material such as composite or thicker materials, hence an increase in customer satisfaction according to the housse of quality QFD. Furthermore, new custumers can be targeted, and the company will save significantly by removing the need to change tools every time a new product is produced, or when changing any feature in the current product. 
Components such as tension fastening and fixing can be produced using the ultrasonic machining process, and some type of fastenings and torsion also can be cut by the Abrasive Waterjet Cutting. However, a component such as a compression spring is not easy to make using any one of the selected processes, but can be made using the process when combined with secondary shaping processes or a primary shipping process. 
Although the new process may be significantly slower in comparison with press forming in terms of patch production, every product cannot be pressed. Moreover, changing the shape of any part requires changing the press, which can be very expensive. Furthermore, the pressure produced by the press machine could effect the strength of the material. It is undoubtable, therefore, that there are many advantages to adopting the new technology, which will enhance the company product  range and quality.
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