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[bookmark: _Toc6209158]Executive Summary 
This report will investigate two alternative process options for Company A’s management team. The report will compare and contrast the advantages and disadvantages of the chosen non-traditional processes with CNC milling. The report will also investigate alternative material options available for the non-traditional processes too with the aim of recommending manufacturing improvement suggestions.
The purpose of recommending an improved manufacturing process is to ensure Company ‘A’ continue to compete to be a top supplier of high quality aerospace components, whilst increasing the company’s profit margins.
To conclude, due to the findings within this report it is recommended that Company ‘A’ keep their Aluminium material the same and introduce a Water Jet Cutting machine. The process of Water Jet Cutting is extremely useful to companies who are looking to introduce reductions in manufacturing costs like Company ‘A’, and also improve their product quality too by refining the surface finish, with a relative small development time associated to implementing the new process too. 
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[bookmark: _Toc6209159]Introduction
[bookmark: _Toc6209160]Company A’s Current Manufacturing Method.
Company ‘A’ manufactures a variety of aerospace components, such as the cockpit floor pictured in Figure 1.  The component is currently produced by computer numerical control machining, commonly referred to as CNC machining, which, is a subtractive manufacturing process. An online document titled Understanding CNC Machining (2019) explains that the process typically employs computerised controls and machine tools to remove layers of material from a stock piece to produce a custom-designed part. The machined part is then cleaned to remove any residue of the cutting fluid and all other impurities in readiness to be heat treated.[image: ]
Figure 1 - Company A's aluminium Helicopter Cockpit Floor 




Figure 2 - Company A's Current Process Flow

[bookmark: _Toc6209161]Company A’s Process Requirements
Company ‘A’ wishes to revolutionise and change from the traditional machining method of using CNC’s to non-traditional machining equipment. Company A’s user requirements is to find a new machining method which is capable of producing Helicopter Cockpit Floor component with an improved the surface quality. The alternative process must be capable of producing the component with the same dimensions 50.8 x 33 x 2.5cm, and comply with the maximum tolerance of +/-0.0127cm.

[bookmark: _Toc6209162]Non-Traditional Machining Methods
Before two non-traditional machining methods can be chosen to compare to CNC Milling, it is important to understand what defines a non-traditional machining method. According to J. Paulo Davim (2013), a non-traditional machining refers to a group of processes that removes material by various methods involving electrical, thermal, chemical and mechanical energy or even a combination of these energies without the need to use sharp cutting tools. Table 1 lists examples;
	Categories
	Examples

	Mechanical
	Ultrasonic Machining, Rotary Ultrasonic Machining, Ultrasonically Assisted Machining, and Water Jet Cutting.

	Electrical
	Electrochemical Discharge Grinding, Electrochemical Grinding, Electrochemical Honing, Hone-Forming, Electrochemical Machining, Electrochemical Turning, Shaped Tube Electrolytic Machining, and Electro-Stream.

	Thermal
	Electron Beam Machining, Electrical Discharge Machining, Electrical Discharge Wire Cutting, Electrical Discharge Grinding, and Laser Beam Machining.

	Chemical
	Chemical Milling, and Photochemical Machining.


Table 1 - Examples of non-traditional machining methods (Engineers Handbook, 2019)
This report has chosen to investigate two non-traditional subtractive processes; 
1) Water Jet Cutting which is mechanical, and 
2) Laser Cutting which is thermal. 

[bookmark: _Toc6209163]Literature Review
[bookmark: _Toc6209164]Water Jet Cutting
[bookmark: _Toc5988878][bookmark: _Toc6209165]What is Water Jet Cutting?
In the book titled Water Jetting Technology by D.A. Summers (2003), Water Jet Cutting is described as the transmission and application of power. The power is created in a water medium by a pump, pushing given volume of water into a high pressure feedline to a nozzle. The nozzle contains one or more small exit holes, which are titled orifices. A constant volume of water is fed into the system resulting in the acceleration of water in order to escape through the small orifices, therefore creating a coherent stream or a jet. Water Jet Cutting also has the option to add an abrasive compound to further improve the cut. 

[image: ]Figure 3 - Diagram of Water Jet Cutting Machine System (Gupta, 2017)
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Figure 4 - Close up Diagram of Abrasive water Jet Cutting (CES Software, 2019)














[bookmark: _Toc5988879][bookmark: _Toc6209166]What Are the Advantages and Disadvantages?[image: ]
Figure 5 – Global Water Jet Machining Market Size Forecast (StrategyR, 2018)
 


The global market for Water Jet Cutting is growing hugely according to Global Industry Analysts (2018), the market is projected to reach US$2.6 billion by 2024. The main reasons for the rise is due to the technology’s superiority and eco-friendliness over other cutting technologies. Mech4Study (2017) explains that the water jet machining process provides many unique capabilities and advantages that can prove very cost effective. Learning more about water jet technologies will give Company A an opportunity to put these cost cutting capabilities to work. 



When analysing Water Jet Cutting as an isolated process there is a huge array of advantages, however there are disadvantages too – see Table 2.
	Advantages
	Disadvantages

	· Relatively fast process.

· High quality surface finish.

· No formation of heat affected zones on the work piece.

· Option to add abrasive fluid to increase cutting quality and reduce cutting speed.

· Automatically cleans the surface of the work piece.

· Zero tool wear (neglecting the nozzle).

· Very high precision, tolerances of up to ±0.02mm can be achieved. 

· No hazardous by-product produced therefore considered eco-friendly.

	· High initial investment costs.

· Limit on the thickness of materials which can be machined.

· High noise level.

· High pressure required, up to 80,000 PSI. 

· Orifices have a tendency to break down.


Table 2 - Advantages and Disadvantages of Water Jet Cutting (Stephen F. Krar, 2003).
Table 2 summarises the reasons to why the global market for Water Jet Cutting machines is increasing so rapidly according to Global Industry Analysts (2018). The machines have many advantages and so few disadvantages however, the table does not make comparison to the Company A’s current CNC process. 
If Company A were to start using Water Jet Cutting instead of CNC machining as their new manufacturing process, the output component can be deburred by the jet. An engineering book titled “Burrs” by Jan C. Aurich (2009) describes that high pressure water deburring has a number of advantages over other deburring processes, the first and foremost being that the part is clean and free of machining media remnants. Manual deburring after CNC's results in inconsistent quality, the work is often labour intensive, and internal features are very often difficult to reach. Water Jet Cutting has the added capability of polishing the component too which would meet Company A’s user requirement of an improved overall surface finish. The Figure below displays the surface finish options available depending on abrasive parameters set;
[image: http://www.alind.com/images/status.jpg]
Figure 6 - Water Jet Cutting Surface Finish Options Dependent on Process Parameters (Alind, 2018).
Jan C. Aurich (2009) continues to explain that the Water Jets do not generate noxious gases or liquids, hazardous materials or vapours and additionally there are no heat affected zones or mechanical stresses, unlike the CNC process. Stephen F. Krar (2003) states within his book “Exploring Advanced Manufacturing Technologies” depending on pressure and the cutting speed, the very narrow kerf can claim an accuracy of ±0.02mm therefore the process is easily capable of achieving Company A’s dimensional requirements, and tolerance of ±0.0127cm too.

Moreover, there are limitations to the Water Jet cutting process too which must be considered. Jet cuts cannot be made adjacent to steps or bosses because access is required for the nozzle (CES Software, 2019). This disadvantage does not apply for the features of the Cockpit Floor component however it could limit the versatility of using of the Water Jet Cutting equipment for future components. CNC’s do not encompass such limitations as their multiple axis design allows any trained operators to easily programme the equipment to contour complex shapes (Smid, 2003). 

[bookmark: _Toc5988880][bookmark: _Toc6209167] New Process Flow
Company A would need to change their manufacturing process flow to allow the introduction of Water Jet Cutting of Aluminium. The inclusion of Water Jet Cutting reduces the number of steps needed to produce the component as the cleaning process is removed. Components require no post cleaning step as no impurities are induced to the component that will affect the quality of the heat treatment. The overall cycle time to produce a component would be faster due to the removed cleaning process step. 


Figure 7 – Updated Process Flow for Water Jet Cutting with Aluminium

[bookmark: _Toc5988881][bookmark: _Toc6209168]Material Alternative to Aluminium
Company A could introduce Water Jet Cutting and keep the material aluminium however, it would be beneficial to consider other materials too. Initially CES Software Package (2019) states that ceramics, glasses, ferrous and non-ferrous metals are also process compatible. [image: ]Figure 8 – Abrasive Water Jet Machining & Cutting Information from CES Software (2019)


If Company A could change materials from aluminium to a carbon steel there would be a cost saving as CES Software (2019) shown in Figure 8 shows that the GBP/kg is lower whilst keeping the material yield strength comparably strong. However, it must be considered that steel is three times denser than aluminium (Frederick A. Leckie, 2009) and therefore is three times heavier which may not be appropriate for an aerospace component. 

[image: ]
Figure 9 - Yield Strength vs Material Cost (CES Software, 2019).

[image: ]
Figure 10 – Steel Material Properties (CES Software, 2019), showing that the material is light but strong, and fairly scratch resistance and resilience too. 
[bookmark: _Toc6209169]Fiber Laser Cutting
The second non-traditional manufacturing process chosen to analyse is Laser Cutting. Nobel Prize of Physics laureates Charles H. Townes, A. M. Prokhorov and N.G. Basov were the physicists that were recognised for their working leading to the 1960 invention of the laser (Light Amplified by Stimulated Emission of Radiation) according to Charles L. Caristan (2004). 
A fiber optics laser source was chosen over a CO2 laser as it has the outstanding capability of processing reflective metals.  Additionally Fiber lasers are three times more energy efficient than CO2 according to Hyper Therm (2019), with the added benefit of no mirrors to maintain and calibrate, and no lasing gas. Technology experts Morn Tech (2019), explain that fiber lasers have revolutionised industrial material processing because of their unique combination of performance, reliability, and cost advantages.

[bookmark: _Toc5988883][bookmark: _Toc6209170]What is Fiber Laser Cutting?
In a fiber laser, a low-maintenance solid-state laser source generates a laser beam that is delivered through a fiber optics cable to the laser head. Hyper Therm (2019) continues to explain that the glass fiber transfers the beam with a beam quality tailored for the cutting task at hand. CTR Lasers (2019), a specialist company describes that the Fibre Laser Cutting works by focusing the power of a high-power laser onto the surface of the material to be cut. The energy in the laser beam is absorbed into the surface of material, and the energy of the laser is converted into heat, which melts or vaporizes the material. Additionally, gas is focused or blown into the cutting region to expel or blow away the molten metal and vapour from the cutting path. [image: ]
Figure 11 - Close up Diagram of Fiber Laser Cutting Process (CES Software, 2019)



[image: Image result for fiber laser cutting diagram]
Figure 12 - Fiber Laser Diagram (HyperTherm, 2019)
[bookmark: _Toc5988884][bookmark: _Toc6209171]What Are the Advantages and Disadvantages?
Charles L. Caristan (2004) said that even when financial savings are clearly identified and quantified, fear of installation, and development costs are large enough disadvantages to stall decision making. There are risks associated with introducing fiber lasers to manufacturing processes, however the advantages the system can bring a company when they are at their optimum operating specification is huge. According to a report published by Allied Market Research (2019), titled Fiber Laser Marker, the market was valued at $1,782 million in 2017, and is projected to reach $4,403 million by 2025, growing at a CAGR of 11.9% from 2018 to 2025. 
	Advantages
	Disadvantages

	· Faster process than traditional cutting techniques as most of the work is automated.

· Holding the piece of metal is easier in laser cutting than in mechanical cutting.

· High precision and accuracy. 

· Low maintenance associated. 

· The cut part doesn’t contact other materials such as cutting tools to facilitate the cut hence less contaminates are spread. 
	· High initial upfront costs to purchase equipment.

· Very fine deformation due to heated cutting process.

· Health and safety risks associated as the laser beam is harmful if in contact with humans and can blindness or burns.

· Limited thickness of material that can be cut. 

· Fiber lasers are delicate to handle due to the optics, a slight mistake adjusting parameters can negatively affect the result.



Table 3 - Fiber Laser Advantages and Disadvantages. (All Parts Inc. , 2015)
A primary reason for creating components fabricated with a laser metal cutting machine is the incredible precision. Lasers typically have the ability to cut a radius of >0.1mm, where typically a CNC machines have limited tool widths of >2mm (CTR Lasers, 2019). 
There are no heat affected zones created from CNC machining however Fiber lasers cuts do cause such microstructure and mechanical properties like hardness, tensile strength changes (Jyotsna Dutta Majumdar, 2012). To reduce the heat affected zone, first normalise or anneal the material. Next any heat treatment can be completed to achieve the required properties (Metal Information, 2019).
One main advantage according to HowToLaser (2019) that a laser has over a CNC is that there is no post-processing needed after cutting out a product from its parent material because the laser is able to create a flame polished edge. HowToLaser (2019) continue to explain that it would be a cost intensive manual process if the same product was cut on a CNC Mill which means a product will have a higher production cost, resulting in lower profit margins. Laser attributes such as high processing speed, automation capability, flexibility and the lack of wear of the cutting tool make the technology an attractive for the mass production over CNC machines (Christian Brecher, 2017). [image: Edge Finish]Figure 13 - Laser vs CNC Edge Finish 
(HowToLaser, 2019).


Lasers are capable of cutting Aluminium up to 12mm thick according to a global engineering manufacturer Hyper Therm (2019), which is a lot smaller than the capabilities of a CNC machine. This 12mm upper limitation means that the laser cutting process would not be suitable for the current component dimensions of 25mm thickness. Despite the gating factor, Company A should still consider Laser Cutting however they must also consider changing the component material or redesigning it so that component does not require such thickness. There are however material limitations as the Cockpit Floor component requires certain attributes such as strength, weight etc.
[bookmark: _Toc5988885][bookmark: _Toc6209172]New Process Flow
Company A would need to change their manufacturing process flow, and component design thickness to allow the introduction of Laser Cutting of Aluminium. The inclusion of Laser Cutting would increase the number of process steps as the heat affected zones would need to be annealed before heat treatment could be completed. The overall cycle time to produce a component would be longer and therefore less cost effective than Company A’s current CNC method.


Figure 14 - Updated Process Flow for Fiber Laser Cutting with Aluminium

[bookmark: _Toc5988886][bookmark: _Toc6209173]Material Alternative to Aluminium[image: ]Figure 15 – Laser Cutting Information from CES Software (2019)

Fibre optics laser cutting has a greater list of materials which are compatible with the process than the material options available with Water Jet Cutting. 
Laser cutting allows cutting of heterogeneous materials such as composites, fabrics and textiles. Company A should consider changing the Cockpit Floor component to a composite such as Dyneema. Dyneema is a super-strong fiber, made from Ultra High Molecular Weight Polyethylene (UHMWPE) and offers maximum strength with minimum weight (Dyneema, 2019). Composites are a very common material, often making up to 50 to 70 percent of aircraft structures (Balance Careers, 2019). According to the Federal Aviation Agency, fiber composites are stronger and have a reduced weight than traditional aluminium found on most aircraft, and they provide a smooth surface and increase fuel efficiency, which is a huge benefit. 
There are however disadvantages to consider when laser cutting a composites such as Dyneema. Figure 16 (KMT Water Jet, 2019), states that composites are not easily cut by Lasers. The process can cause micro-cracking at the cut edge, and also produces toxic gases which are a health and safety concern however, if processed correctly the long term benefits of using the material can be substantial (Negarestani, 2010).

[image: Image result for CNC finish compared to Water Jet Cutting]
Figure 16 - (KMT Water Jet, 2019)
	













[bookmark: _Toc6209174]Findings.
When comparing CNC, Water Jet Cutting and Fiber Laser Cutting there was very clear advantages and disadvantages to each process depending on which material was selected, however the CNC options has been ruled out as it is overshadowed by the modern, non-traditional options. As stated previously in the report, removing CNC’s from Company A’s manufacturing facility will remove the need to post process clean the products before heat treatment, remove replacement tooling costs and consumable products such as coolant, as well as improve the consistency of the output product as tooling will not wear.  
	
	CNC
	Water Jet Cutting
	Fiber Laser Cutting

	Aluminium 
Sheet
	
	
	 
- Thickness limitation.

	Carbon 
Steel
	
	
- Density of material inappropriate for use.
	
- Density of material inappropriate for use.

	Dyneema Composite
	
	
	


Table 4 - Table Summarising Data from this Report.
The recommended material for aerospace customers is a composite, as the report stated previously, 50 to 70 percent of aircraft structures are made from composites due to their incredibly high young’s modulus strength and low density attributes (CES Software, 2019) which results in a reduction in the overall aircraft weight which will improve overall efficiency without sacrificing structural strength or safety. Company A would benefit hugely from changing from Aluminium to a composite such as Dyneema as then the company would be keeping up with the global industry trend to try remain competitive with other manufacturing companies. 
When deciding between Water Jet Cutting and Fiber Laser Cutting for Dyneema, the recommended process cannot yet be determined confidently as there was lots of strong arguments that both processes are viable. Company ‘A’ would benefit from completing engineering trials with the Dyneema material to see which option is favoured. A lot of research and development work will need to be conducted which is timely and costly too. For a faster improvement, it is recommended that Company ‘A’ keep the material as aluminium sheets.
When reviewing the Laser Cutting process relating to aluminium, research made it apparent that lasers are only capable of cutting Aluminium up to 12mm thick according to a global engineering manufacturer Hyper Therm (2019) and therefore are not being suitable at summarised in Table 4. Table 5 below also reinforces the statement that the Laser Cutting process would not be preferred as the cut finish created from the hot cutting process is not appropriate. 
	[image: Image result for CNC finish compared to Water Jet Cutting]
After Laser Cutting Aluminium 
	[image: Image result for CNC finish compared to Water Jet Cutting]
After Water Jet Cutting Aluminium 


Table 5 - Non Traditional Machining Processes Surface Finish Differences (Umarkar, 2012)
Furthermore, from the data collected within this report alone, the recommended action for Company A is to introduce abrasive Water Jet Cutting as it is a solution which will improve both the quality of the cut and the surface finish of the end aluminium product. 

[bookmark: _Toc6209175]Conclusion
To conclude, due to the findings within this report it is recommended that Company A keep their Aluminium material the same and introduce a Water Jet Cutting machine. As stating previously within the report, Jan C. Aurich (2009) said that Water Jetting provides many unique capabilities and advantages that can prove very effective in the cost battle as it is truly a versatile, productive, cold cutting process. The process of Water Jet Cutting is extremely useful to companies who are looking to introduce reductions in manufacturing costs like Company A, and also improve their product quality too by refining the surface finish.
This report analysed three subtractive manufacturing processes; CNC machining, Water Jet Cutting and Laser Cutting however, before Company A make a decision they should also considering additive manufacturing processes, such as 3D printing, formative manufacturing processes and liquid injection moulding. 
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The process

In laser cutting a focused beam of monochromatic light (the laser beam) is focused on the workpiece, creating a
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though in cutting thick metal plate use is made of the exothermic oxidation of the material in the cut. The equipment
s expensive, though not quite as costly as that for electron-beam processing. High volume or critical welding
‘conditions are required to justify the necessary investment. Because laser cutting does not require a vacuum
chamber, it has taken over many applications from e-beam cutting, particularly in the micro-electronics field.

Handcrafting technique? v
Process schematic
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Material compatibility

Ceramics ® v
Composites. ® v
Glasses ® v
Metals - ferrous ® v
Metals - non-ferrous ® v
Natural materials ® v
Polymers - thermoplastics ® v
Polymers - thermosets ® v

Shape

Flat sheet v
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Process characteristics

Primary shaping processes ® x
Machining processes ® v
Cutting processes ® v
Discrete ® v

Supporting information

Design guidelines
Laser cutting i fast and clean. It allows cutting of heterogeneous materials such as composites, circuit boards,
fabrics and textiles.

Typical uses
Precision cutting of metal, ceramic, composite and polymer sheet.
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CUTTING COMPARISONS
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Process comparison:

Abrasive water jets can machine
many materials that lasers cannot.
(Reflective materials in particular,
such as Aluminum and Copper.
Uniformity of material is not very
important to a water jet.

Water jets do not heat your part.
Thus there is no thermal distortion or
hardening of the material.

Water jets are safer.

Maintenance on the abrasive jet
nozzle is simpler than that of a laser.
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