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[bookmark: _Toc6209731]1. Executive Summary
This report discusses two alternative non-traditional manufacturing processes which can modernise Company A’s current CNC milling process. Both processes are compared and contrasted to consider the versatility, accuracy, surface roughness and cutting speed of the processes. Furthermore, the company currently uses aluminium for its product, due to the new non-traditional manufacturing considerations and their capabilities, further research was placed into material selection to see if an improved solution could be found that suited the product characteristics and ensure that it was still fit for purpose.
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[bookmark: _Toc6209732]2. Introduction
This report compares two methods of non-traditional machining methods for manufacturing. The author researches into the scientific properties each process consists of and the process principles that Company A may benefit from. 
The two non-traditional methods targeted in this report are Abrasive Water Jet Cutting and Laser cutting. 
[image: ]Company A manufactures aerospace components using traditional manufacturing methods such as CNC milling. Company A wishes to modernise their production process capabilities away from traditional methods. The part in focus for this report is a heat treated aluminium cockpit floor from a helicopter with the given dimensions of 50.8 x 33 x 2.5cm with a maximum machining tolerance of +/-0.0127cm. Heat treating, according to a publication by an association for engaging and connecting materials professionals and their organizations to the resources necessary to solve problems, ASM International (1991), “in its broadest sense, refers to any of the heating and cooling operations that are performed for the purpose of changing the mechanical properties, the metallurgical structure, or the residual stress state of a metal product. When the term is applied to aluminium alloys”. The part size will determine the possible manufacturing processes available to Company A to expand their business and two alternative methods are discussed in this report with comparisons made between them and the original CNC milling process. The task description does not provide financial boundaries therefore this is excluded from the report.
(Figure 1 – Aluminium cockpit floor design (Assignment Brief))
[bookmark: _Toc6209733]2.2 Current Process - CNC Milling
Company A currently use Computer Numerical Control milling to manufacture their helicopter cockpit floor parts. Since the 1970’s computers have taken over typically manual operations such as milling machines bringing the invention of a Computer Numerical Control (CNC) device (Cammachine, 2015). CNC milling is a traditional machining process which removes metal with a revolving cutting tool such as an end mill (AIPD, 1988). Following on it is stated that using various attachments CNC millers can be used for boring, slotting, circular milling dividing and drilling operating with between 5-7 axes depending on the complexity of the machine.
CNC’s changed manufacturing capabilities by allowing manufacturers to run twenty-four hours a day seven days a week. The programme that drives the CNC operation can be used to replicate products hundreds or thousands of times every shift (WFM, 2018). Less manually skilled operators are required and from a business perspective and accurate produce can be created consistently still. WFM (2018) elaborate on the advantages by highlighting that CAD prototypes and tests can be performed without a single cut being made. 
[image: Image result for specht 500]Depending on the production quantity required, CNC’s are very expensive to purchase. However, due to their rapid cycle time capabilities compared to that of a manual machine, the cost be regathered quickly on a mass production scale (WFM, 2018). Ricardo & Barbosa (2019) explain how due to the automation process of a CNC milling machine, skill sets are being lost amongst the workforce, this problem doubles up as introduction of CNC machines on a mass scale requires less workers now that the process is automated.
(Figure 2 – SPECHT 500 CNC Machine (TechSpex, 2019)) 
[bookmark: _Toc6209734]3. Alternative Non-Traditional Machining Processes
[image: ]Due to the amount of possible alternative approaches, the main factors for consideration for Company A was the accuracy of the material removal process and the surface finish left. The quality of a cutting process can be determined by measuring the surface properties such as surface roughness which is discussed in a study by Akkurt. Akkurt (2015) highlights these characteristics when aluminium had been cut by traditional CNC milling, plasma, laser, electric discharge machining (EDM), electron beam machining (EMB) and Abrasive water jet cutting, thus comparing the traditional CNC milling approach to non-traditional modern processes. From Akkurt’s findings the two processes selected for this reports consideration, AWJ and laser cutting, have been compared in Figure 3 on an A-C grading system where A is the highest and C the lowest.
(Figure 3: Comparison of AWJ and Laser Cutting (Akkurt, 2015))




[bookmark: _Toc6209735]3.1. Abrasive Water Jet Cutting (AWJ)
A process based on the erosion of material by abrasive particles accelerated by high pressure water jet. In abrasive water jet cutting the water pressure, water flow rate and abrasive mass flow rate are the most important factors that affect productivity and economy (Madic, Radovanovic, & Nedic, 2012).
[bookmark: _Toc6209736]3.1.1 Theory of Abrasive Water Jet Cutting (AWJ)
Abrasive waterjet (AWJ) cutting is considered an optimum machining procedure for cutting conductive or heat sensitive materials such as different forms of aluminium (Ahmed, Mesalamy, Youssef, & Midany, 2018). AWJ technology was introduced in the United States in the 1970’s, purely used for cleaning purposes until the technology was enhanced to create a potential cutting application (Dixit, Dave, & Baid, 2015). In modern day manufacturing, water jetting technology uses high velocity water to strike a work piece where its kinetic energy is converted into pressure energy, whereby if large enough the pressure will remove unwanted particles on the workpiece leaving the desired result. To improve the efficiency of the operation, an abrasive material is added to the water mixture, typical garnet. Garnet, with grit size ranging from 50 to 220 mesh although 80 is the most common, is the most commonly chosen abrasive due to it providing optimum performance of cutting power compared to its cost and lack of toxicity ratio amounts, it provides this while also offering a good balance between cutting power and wear witnessed on the carbide mixing tubes (Liu & Schubert, 2012). 




[image: Image result for abrasive water jet cutting]
The construction of the AWJ is shown in Figure 4. Shown is how the high-pressured water feed enters the mixing tube and is met by an abrasive material feed. The two mix and are directed out the opposite end of the mixing tube where it is directed out of a sapphire nozzle (CES, 2019) towards the material to be cut.


(Figure 4 – AWJ construction (Nambiath, 2016))

[bookmark: _Toc6209737]3.1.2 AWJ Process
According to Ohlsson’s (1995) thesis titled ‘The Theory and Practice of Abrasive Water Jet Cutting’, the process can be described as follows:
“1. A very high-pressure (approx. 350-450MPa) water jet is ejected from a small orifice.
2. The water jet passes through a mixing chamber thereby creating a partial vacuum.
3. Abrasive particles are drawn into the mixing chamber by the partial.
4. The abrasives are entrained into the waterjet and can travel at velocities of up to 850m/s.
5. The abrasive water jet then passes through a focusing nozzle.
6. The abrasive water jet interacts with the material and cutting take place. The cutting or controlled depth penetration of the material occurs as a result of erosion, shearing, failure under rapidly changing localised stress fields or micromachining effects depending upon the specific properties of the material being profiled.
7. The movement is achieved by manipulation of the focused jet by a gantry or robot
system. It is also possible to move the workpiece on a X-Y table instead of moving the
jet.
8. The cutting rate is determined by process parameters such as waterjet pressure, water
flow rate, abrasive mass flow, stand-off distance and the hardness of the workpiece.
9. After passing through the workpiece the remaining jet is collected in a catcher tank
filled with some kind of energy dispenser (e.g. water or steel balls).”
(Ohlsson, 1995)









[bookmark: _Toc6209738]3.1.3 Surface Finish 
[image: Image result for quality of waterjet cutting chart Q1-Q5]Depending on the material, the cutting force required for the AWJ process can vary greatly while operating with tolerance capabilities of between 0.1-0.5mm (CES, 2019). For materials however this does not represent the tensile strength of the material. For example, WARD Jet (2019) who manufacture waterjet cutting machines in America have created a feed rate calculator for recommended traverse speeds of cutting certain materials to provide the desired quality of cut. The quality of a cut can be defined with quality numbers Q1 to Q5. The lower the number the rougher the surface finish. It is therefore stated by WARD Jet (2019), that for thin materials the cutting speed for Q1 results is up to 3 times faster than the speed for Q5. When considering thicker materials WARD Jet (2019) claim Q1 could reach speeds of up to 6 times quicker than Q5.
(Figure 5 - (WARDJet, 2019))
[image: ]WARD Jet’s feed rate calculator indicates that when cutting a 1-inch thick piece of T6 aluminium for a Q3 finish, a cutting speed of 7.6 in/min (193.04mm/min) is recommended as shown in Figure 6. However, when using the same equipment for the same quality of finish with Kevlar Laminate, a material which when spun has a resulting fibre tensile strength of around 3,620 MPa (Quintanilla, 1990), compared to T6-aluminium tensile strength of 310MPa (Make It From, 2019), a 13.1in/min (332.74mm/min) feed rate is possible as shown in Figure 7.
(Figure 6 - (WARDJet, 2019))
[image: ](Figure 7 - (WARDJet, 2019))
Using this information, it is also important to factor in the cutting force required for the tensile strength of each material and the equipment being used. The calculation for this is:
	Force = Pressure x Area
Therefore, if a nozzle with a diameter of 0.3mm was used with a pressure of water jet at 20KPa, then,
Force =  = 282.94 GN.
Therefore, the force of the water exiting the nozzle is 282.94 GN.
Continuing this using Newtons 2nd law, the Cutting force can be calculated like this:


[bookmark: _Toc6209739]3.1.4 Application of AWJ in Industry
According to Ohlsson (1995) AWJ is used in almost every area of manufacturing. Areas such as industrial, automobile, food and aerospace engineering. Ohlsson explains how water jets are used to removed bones from fish, cut automobile parts such as dashboards and airbag covers. According to Resato (2019), a high pressure technology manufacturer, it is the absence of heat in the process with a high degree of precision which makes it perfect for aerospace parts with no danger of microscopic cracks or warping.
[image: https://res.cloudinary.com/engineering-com/image/upload/w_1600,c_fit/Waterjet_Materials2_q9bwib.jpg]The ease at which AWJ can machine different materials is highlighted in Figure 8. It indicates the variability and usefulness of AWJ for many different industry requirements.
(Figure 8 – Sample list of materials that can be cut with AWJ ( (Wright, 2016)) 
Cutting methods based on the jet principle such as AWJ are preferred when machining hard to cut materials, they produce parallel straight surface features and the quality of the cut can be easily adjusted based on balancing increased jet diameter and pressure while decreasing lateral movement speed (Akkurt, 2015). 

[bookmark: _Toc6209740]3.2 Laser Cutting
According to Bromberg (1991) the first production laser cutting machine was used to drill holes into diamond dies. Produced by Western Electric Engineering Research Centre, this technology was superseeded in 1967 when Hilton (2007) claims that a British manufacturer created laser-assisted oxygen jet cutting for use on metals.
According to Senthilkumar (2014) LASER stands for Light Amplification by Simulated Emission of Radtiation. Senthilkumar (2014) explains how laser cutting is a thermal based non-contact process that enables a cutting process capable of cutting complex countours on almost all materials with high precision and accuracy. The laser is effectively a melting operation whereby once cut with extreme precision, the material left has a smooth cut with minimal kerf.
B.J. Ranaganth and G. Viswanath (2011) stated that the demand for laser cutting processes and its benefits are on the increase for industries such as aerospace, automobile and nuclear indutries due to the speed, high productivity and ability to cut complex shapes in materials being an attractive asset. 
[bookmark: _Toc6209741]3.2.1 Components of a Laser Cutting Tool
Focal Lense: Infrared beam is focused onto the surface of the workpiece by the means of a focusing lens. A dirty lens will heat up more due to intense absorption of the laser radiation and deforms.
Gas Jet: The molten material is ejected from the area by a pressurised gas jet acting coaxially with the laser beam. The gas is depedant on the material being cut. i.e. Oxygen is commonly used with mild-steel and can enable higher cutting speeds than nitrogen, which is the preferred choice when cutting aluminium as nitrogen can precent surface oxidation and a higher quality finish.
Laser Beam: High intensity beam of infrared light is generated, the beam melt area is generally smaller than 0.5mm in diameter.
Nozzle: The nozzle distance between the work-piece and the material surface has a great effect on the cutting quality. Focused laser beam must be placed central to the nozzle opening otherwise cutting quality can be affected. The size of the nozzle is important, for high powered laser cutting a larger diameter nozzle is used.

[image: ]






(Figure 9 – Laser Cutting Tool Components  (Dubey & Yadava, 2008))

[bookmark: _Toc6209742]3.2.2 Types of Lasers
It is claimed that nowadays most manufacturing companies will laser cut sheet metal, the two most common types of laser for this work are CO2 and fibre (TWI Global, 2019). The laser the author concentrates on in this report is CO2 due to the limitations associated with fibre lasers such as thickness of cut, speed and quality of finish.
[bookmark: _Toc6209743]3.2.3 CO2 Laser
A CO2 laser uses a carbon dioxide, helium and nitrogen gas mix in order to expel molten material away from the cut, nitrogen is of benefit as it does not react with molten materials close by. CO2 lasers are often compared to fibre lasers due to their similar properties. CO2 lasers can cut thicker materials (>5mm) faster than a fibre laser which in manufacturing is an important property when cycle time is monitored especially as CO2 lasers can do this using the same power as provided to a fibre laser, resulting in a smoother surface finish when cutting thicker materials also. 



[image: Image result for co2 laser cutting]Figure 10 – CO2 Laser Cutter - (India Mart, 2019))

It is claimed by Powell and Kaplan (2013) that a common high power CO2 laser machine is capable of cutting Stainless steel up to 15 mm thick, aluminium up to 8 mm thick, and mild steel (with oxygen assist) up to 20 mm thick and wood or plastics up to 40 mm. Kevlar-49, is a synthetic para-aramid fibre that is known for its high strength to weight ratio. Therefore, due to mechanical cutters causing fraying in the fibres laser cutting is preferred and typically with a 9.3 or 10.6 micron wavelength CO2 laser (Universal Laser Systems, 2019). This becomes a consideration for when laser cutting a material such as Kevlar-49 and the ability of the laser so that the helicopter cockpit floor can be thick enough for the job but also capable of being laser cut. The material alternative of Kevlar-49 is discussed further in this report, however a study by Yilbas et. al. (2011) investigates the precision of operation, non-frictional processing and operational costs of laser cutting Kevlar laminates of different thicknesses. The report findings by Yilbas et. al. (2011) are shown and the Kevlar laminate used is Kevlar-49. 
[image: ]
(Table 1 – Laser cutting parameters for testing (Yilbas, Sahin, Chatwin, & Ayar, 2011))
Once the laser parameters were installed, the experiment was explained, and it is highlighted that the laser of choice for the Kevlar experiment was a CO2 laser and shown in Figure 11.
[image: ]
The parameters shown in Figure 11 highlight the experiment parameters. The laser choice is a CO2 laser and the material chosen is Kevlar-49, making the results specific to this report. 






(Figure 11 – Laser Cutting Experiment parameters (Yilbas, Sahin, Chatwin, & Ayar, 2011))

[image: ]The laser will burn away a portion of material as it cuts, this is known as the laser’s ‘kerf’. Depending on the material type the kerf typically ranges from 0.08mm-1mm (CutLaserCut, 2019). The ideal result from laser cutting is to reduce the kerf as much as possible and it is evident according to Yilbas et. al. (2011) that by increasing the cutting speed it reduces the kerf width size, which is true for all thicknesses and power levels in the experiment. However, increased power levels do increase the kerf width when cutting speeds remain steady, as shown in Figure 12.
(Figure 12 – Kerf variation (Yilbas, Sahin, Chatwin, & Ayar, 2011))

[bookmark: _Toc6209744]3.2.4 Application of Lasers
[image: Image result for laser cutting lens]Lasers are a process in which a focused laser beam is used to melt material in a targeted localised area. The laser can perform a continuous cut as it traverses across the material in question. This cutting process involves focusing a laser beam using a focal lens as shown in Figure 13, which then provides enough power density to produce a laser cut (TWI Global, 2019) and the depth of focus achieved is the effective distance over which satisfactory cutting can be achieved providing high power density and a small focused spot size is present also.

(Figure 13 - (Cut Laser Cut, 2019)

The power density as described by Madic et. al. (2012) as a high-powered beam that when focusing on a specific spot melts and evaporates material. The process takes a fraction of second and the evaporated molten material is then removed from the cutting zone by a supporting jet of gas, with sheet metal this is usually carbon dioxide (TWI Global, 2019). 

[bookmark: _Toc6209745]3.2.5 Surface Finish
When considering ways to ensure a high quality surface finish is achieved with laser cutting, Ghany and Newishy (2005) expressed how the surface finish value decreases if the laser power and gas pressure are decreased simultaneously to the cutting speed and frequency being increased. 
[image: ]A study by Quintero et. al. (2010) highlighted the effect of the gas pressure, laser power, cutting speed and pulsing frequency on the surface roughness left behind and their findings are displayed in Figure 14.
(Figure 14  – F. Quintero et. al. (2010) )

The findings of Quintero et. al. shown in Figure 14 support their theory that cutting speed and high laser power have the largest capabilities of obtaining a good quality finish. This is supported further by Sarin Sundar et. al. (2005) who observed that there is a direct correlation between the surface roughness value dropping with an increase in cutting speed and decrease in laser power more specifically.
[image: ]Radovanovic and Madic (2012) concluded that surface roughness decreases with an increase in assist gas pressure and cutting speeds, their findings with a variety of power and pressure supplies are shown in Figure 15.
(Figure 15 - (Madic, Radovanovic, & Nedic, 2012)

A study by Siddiqui and Shukla (2008) experimented to minimise the surface roughness of AWJ on a difficult-to-machine Kevlar-epoxy composite (5mm thickness) where a surface finish of 3.66Ra was achieved. Conclusions from the experiment state that:
1) “High water jet pressure, low abrasive flow rate and high-quality level (low traverse speed) is   desirable for optimum surface finish.
2) Quality level, water jet pressure, and their first order interaction effect have a more significant influence on Ra.”
(Siddiqui & Shukla, 2008)

[image: ]A similar study by Miles and Henning (2013) shows the surface finish obtainable with AWJ aluminium of different thicknesses. Focusing on the line highlighted in red on Figure 16, the surface finish (Ra), the results show that at 5mm thickness, thinner than the sheet used in production but comparable to the previous Kevlar experiment, the Ra is between 5-10, slightly higher than the Kevlar results, showing that the capabilities to improve the surface finish with Kevlar instead of aluminium is possible.
(Figure 16: Surface finish cutting various depths of Aluminium - (Miles & Henning, 2013))








[bookmark: _Toc6209746]4. AWJ v Laser Cutting Comparison
[image: ]A comparative experiment carried out by Krajcarz (2013) highlighted how very little literature exists with comparable data of both processes being used on any materials other than metals, such as composites. However, Krajcarz was able to create a comparison of both processes machining metal as shown in Figure 17.
(Figure 17: Comparison of AWJ and Laser Cutting Processes - (Krajcarz, 2013))

Laser cutting process is primarily much faster and causes less surface roughness intersection and the phenomenon of taper is virtually invisible (Arnold, 2017). Moreover, Arnold (2017) claims that the kerf width is smaller with laser compared to AWJ. AWJ technology does not result in thermal deformation and burr formation is low (Liu & Schubert, 2012). Hydro-abrasive cutting allows to cut precisely along a straight line and in the corners of the material of any thickness, as opposed to a laser which does not preserve the straightness of the cut.
With the increase in thickness of the cutting material, there is misalignment in the cutting and the wavy surface is formed. Surface orientation and roughness is characterised by a succession of peaks and valleys, referred to as surface topography (Sahoo, 2011). 3D surface topography after laser cutting and water-jet are different. All 3D parameters for laser technology are much smaller than water-jet machining, which indicates a smoother cutting surface after laser cutting (Arnold, 2017).
[image: https://ars.els-cdn.com/content/image/3-s2.0-B9780857091147500013-f01-11-9780857091147.gif?_]

(Figure 18: Surface Topography Diagram - (Sahoo, 2011))


[bookmark: _Toc6209747]5. Material Selection
[bookmark: _Toc6209748]5.1 Current Material Selection: Aluminium
The second most widely used metal in the world, aluminium is a light, conductive, corrosion-resistant metal with applications in aerospace, construction and marine engineering (Gandara, 2012). Aluminium is a strong electrically conductive material, with non-magnetic properties and a very low density compared to other widely used metals such as steel, approximately one-third the weight (Cobden, 1994). In the aerospace industry, materials required must be high strength to weight ratio along with non-corrosive properties, lightweight, have a high thermal strength and obtain all of these while not sacrificing any quality (Jawalkar, Yashpal, & Kant, 2015).
[bookmark: _Toc6209749]5.2 Alternative Material Consideration: Kevlar-49
Kevlar-49 was described by the USA’s Department of Defence (2002) as being the ideal composite with properties such as “low density, high tensile strength, high tensile stiffness, low compressive properties and exceptional toughness characteristics”. A report by Khusiafan (2018) researching the use of Kevlar-49 in aircraft components highlights how the aerospace industry is consistently finding ways to adapt to increasing demand in safety, efficiencies and fuel emissions. Kevlar-49 is an advanced composite which means it is of unusually high strength fibres with unusually high stiffness, or modulus of elasticity characteristics (Pilato & Michno, 1994). As a result of the aerospace industries demands, Kevlar-49 now makes up an estimated 50 percent of an aircraft’s structure such as the Boeing 787.
[image: ]Kevlar-49 can be reinforced with thermosetting plastics to improve the mechanical properties further which over the last two decades has gathered increased attention from the aerospace industry (Vedula & Koczak, 1989). Figure 20 compares the stress-strain curves from the three-point bending test for three thermoplastic composite Kevlar-49 based materials. They show that the tested composites failed gradually and strains at maximum stress remained nearly the same. FP1 exhibits the highest strength and flexural modulus, followed by FP2 and FP3. The Kevlar-49 fibre composites generally fail gradually at larger strains when compared to that of fibre glass reinforced plastics, indicating increasing energy absorption and better damage tolerance and therefore further possible improvements for Kevlar-49 as an aerospace component material (Herbert & Rao, 2010).
(Figure 19: Stress/Strain graph for Kevlar-49 thermoplastic composites (Herbert & Rao, 2010))



[bookmark: _Toc6209750]5.3 Mechanical Property Comparison of Aluminium and Kevlar-49
	
	Aluminium (Heat Treated)
	Kevlar-49

	Density (gcm^-3)
	2.71
	1.47

	Longitudinal Tensile Modulus (GPa)
	69
	154

	Poisson’s Ratio
	0.32
	0.35

	Tensile Strength (Mpa)
	550
	2800

	Cost ($/kg)
	2
	4.50


(Table 2 – A Compiled table of Aluminium and Kevlar-49 mechanical properties)













[bookmark: _Toc6209751]6. Conclusion
This report was research into modernising Company A’s manufacturing process by introducing a non-traditional machining process to replace their current CNC milling operation. In order to aid with this, a comparison between two different types of non-traditional processes with similar material removal principles was made. Furthermore, the material being used for the helicopter cockpit floor was also brought into dispute to see if an alternative material would be better suited while also being machinable using the new process possibilities researched.
The material researched further for capability was Kevlar-49. A material widely used in aerospace and marine engineering for body panels already due to its desirable properties. Kevlar however can be difficult to machine; therefore, further research was made into using AWJ and laser cutting to complete this process. Research showed that Kevlar-49 has a much lower density, therefore saving weight for efficiencies and fuel usage, almost double the Young’s Modulus therefore more resistant to deformation under load and a tensile strength of over 5 times greater than that of aluminium.
The question raised was that of machining capabilities using non-traditional methods. Research shown in this report states how both AWJ and laser cutting can be applicable to both materials. However, further research is needed into calculating the thickness of the Kevlar-49 laminate needed to replace the aluminium flooring panel, as due to its more desirable mechanical properties, the 25mm thickness of aluminium can be largely reduced for a Kevlar-49 alternative but to what extent is unknown for this report. Therefore, when considering the depths at which AWJ and laser cutting can perform during the machining process, a definitive preferred option could be chosen once capabilities were established as laser provides a cleaner, faster and improved surface finish cut, whereas AWJ can comfortably cut to the depths required without further research taking place but with increased cycle time, potentially decreased surface finish and further time investigating the correct pressure, nozzle diameter and traverse speed needed to perform such an operation efficiently. 
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of unalfected part and cut edge have been taken and shown in
Fig 3.

In saw cuting process there was not any microstructural
changes for both of the cut material s seen in fiz. 2b. There i
lmited cold deformation atthe cu surfaces. Hardness variatons of
cut surfaces obtained with diflerent processes are given in Fig. .
Hardnessreduction on surface of the saw cut surface was measured
25336 and 2.27% for pure Al and AIGOG1 Al alloy respectively
Hardness reducion in cuttng region can be explained with the
heat input during cuttng process (15,19 I the heated section
hardness isadverselyafected [20] Cotting ofstdied material with
milling machine cokd deformtion were observed 3 seen n 12 .
Depth of the cold deformed section beneath the surface of the
material s about 25 pm for both of the materals. Hardness
reduction rtioon the milling machine cut surface was measured 32

hardness of these layers is lower than that o the base material
Hardness reduction of the submerged plasma cut surfaces were
measured as 706% and 3873 for pure Al and AIGOGT Al alloy
respectively.

In the laser cutting method smooth surface structure has
been obtsined. ntensified intermetallc compounds and porous
of gas were observed at the upper sde of the cut secton as seen
in Fig_3e. These changes of microstructure can be explained
with the heat effect of during cutting operation. Hardness.
reduction value of the lasercut surfaces were measured 35 741%
and 5.43% for pure Al and AIG0S1 Al alloy respectively. Plasma.
Cutting resulted with a rough cutting surface profle s seen in
Fig. 3 At the edge of the cutting section deformations and
micro cracks has formed. Hardness reduction ratio on the
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1. Introduction

Laser cutting is a thermal based non-contact process
capable of cuting complex contour on materals with high
degree of precision and accuracy. It involves process of
heating, meling and evaporation of material in a small well
defined area and capable of cuttng almost all materials. The
word LASER stands for Light Amplification by Simulated
Emission of Radiation). B.J. Ranganathan & G. Viswanathan
[1] stated that the demand for laser cutting process is
increasing in the production industres like serospace,
automobile, ship building and nuclear industries because of
the ability of laser to cut materials with atractive processing
spead, high productivity and ability to cut materals with
complex shapes.

Abmet Hascalik and Mustafa Ay 2] mentioned that laser
cutting is a non-contact operative method which does not
need expensive or replaceable tools and does not produce any
force that can damage the workpicce so that i can be used as
an aliernative to mechanical cuttng processes. Arun Kumar
Pandey and Avanish Kumar Dubey [3] said that different
types of lasers available are solid lasers, liquid lasers and
‘gascous lasers among which solid state lasers like N&:YAG
‘and gaseous co2 lasers are mostly used for cutting because of
their high power and suitable properties needed for the
cutting of the materil.

2. Working Principle
M. Madic et al. [4] stated that laser cutting is a thermal,
R ———

1SN 2207500
© 2013 Dashan st of g, & Tech, Alsighs resrsd

International Journal of Darshan Institute on Engincering Research and Emerging Technology

non-contact and highly automated process wel suited for
various manufacturing industries to produce components in
large numbers with high dimensional sceuracy and surface
finish. They also stated that high power density beam when
focused in a spot melts and evaporates materal in  fraction
of second and the evaporated molien material i removed by a
coaxial jet of assist gas from the affected zone s shown in
Figure 1.

Y

Figure 1. Schematic diagram of aser beam cutting (5]

3. Process parameters

Laser cutting process has always been a major rescarch
arca for getting the exceptionly good quality of cut like
reduced surfuce . kerf width and heat affected zone.
(HAZ). The quality of cut solely depends on the setting of
process parameters like cutting speed, focal point, laser
o, assist gas pressure ctc.
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1], They indicated that the numerical prodicions agreed
it experimental indings of lser ut gcomety.

“The presnt sudy explores lasr cutng of Kevlar laminse
‘The thermodynamic efficencies, including the first and sec-
ond law eficiencis,are ormulted and prediced n i with
the experimental parameters. The laser cut sections are exam-
ined using optical and scanning cletron microscopes. The
st and second b efficencies are preicted fo tree lser
output pover levels and thre lser cuting specds.

2 Experimental

“The laer used in the experiment is & CO; laser (LC-alll-
Amada), which delivers nominal utput power in the range of
1200-2000 W at pulse mode widh with diffrent fequences.
Nitogen emerging from  conical nozzke and co-axially with
the laser beam is used. A 127 mm focal lens with defocusing
fciliis i used o focusthe lasr beam. The cuting direction
s set normal to the fiber axs o avoid excessive heat ransfer
‘and o minimize the excessive sideways burmings. The cuttng
condiions are given in Table 1. The laser cuting experiment
s repeated for tree times in order 10 scure the epeatability
of each experimental result. Morcover, the CO; laser has the
ey to set the cuting parameters, including laser output

(Bl Laser cutting_of K..pdf ~

Fin 1 Schematic viw of e cuting of Kevl workiese

‘The conservaton of encrgy on the inintesimal contol vol-

ume shown i Fig. 1is
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For a steady laser cuting operation the transint term in Eq.
(1) vanishes, therfore

SE-YE. @
o, (2) can e writen ina detald om s
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“The total heat foss durin thelasr cuting process is due to
the conduction,convection, radiation, eflection and change of
enthalpy flow in the assist gas. Therefore,
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Once the laser parameters were installed, the experiment was explained and it s highiighted that

the laser of choice for the Kevlar experiment was a CO2 laser and shown i Figure 14.

(Table 1~ Laser cutting parameters for testing (Yilbas, Sahin, Chatwin, & Ayar, 2011))

s st momal to the fibr axi to avod excessiv heat transfer
and 0 minimize the excesiv sideways burmings. The cuting
conditons ae given in Tale 1. The laser cuting experiment
s repated for thrce times i onder 0 ccure the repeatabily
of cach expermental eslt. Morcovr,the CO, lasr hs the
aclty 1 set. the cuting parameters, including lasr ouput
power, duty cycle (fequency), ocusing, assising gaspessre,
ind fecd e

“The workpicee sccommodated is 24 layers at 0 oricted
prepe plin-vave Kevlr 49 compositc amiate with 6
uniform thickness pad and  densty of 134 gl The lamic
mate was prepared i 3 abortory envirorment and reated i
an atoclae ot 177 °C and 800 kPa pressue for 45 minuts.
“The wate solube phenolic esin was used betven plane
wave Kevlar lyers rir to autoclaving. This provided porous
carbon structure pon the autocave wcament. The pad has
iber/resinatio o 8072 with $5% voids.

‘An optical microscope and scanning clecton microscopes
(SEM,JEOL JSM G360LV) were sed for cbinin the ke
widh size and hemicrographs ofthe cuting sections.

3. Thermodynamic analysis
A schemtic view of the nitrogen gas sssisted laser cutng

OO i b,

“The total heat foss durin thelasr cuting process is due to
the conduction,convestion, radiation eflection and change of
enthalpy flow in the assist gas. Therefore,

Q= B4 Q4 0o 4 0
e = b

Substuting Eq. (4 ino Eq (3)

@

Bvih, =0 b, ©

Since the mass flow rte of laser cut material of Kevlar is
et to the densiy of Kevla and thelaser scanring speed.

©

where s the density of Kevlar, V s the workpicce spesd
during the cuting, and A i the cross-setiona arca of the cut
secton, which is determined from the thickness of the work-
picce andthe erf width thickness. Eq, (5) becommes
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2.2.4 Application of Lasers

Lasers are a process in which a focused laser beam is used to melt material in a targeted localised

area. The laser can perform a continuous cut as it traverses across the material in question. This
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Fig. 9 shows photographs of laser cut Kevlar laminate at
w0 cuting speeds and two laser output power levels, while
Fig. 10 shows SEM micrographs of laser cut odges corre-
sponding to different cuting speeds. I s eviden! from the
optical photographs that the kerfwidthsize remains st the
same for al the cutting speeds. However, inreasing laser
ponwer enhances the kerf width hickness s well as the side-
ways buming sround the cut edges. This appears as carbon
depositsat the ke sides. Morcoer, negala cutting includ-
ing sukden expansion snd contaction of the ke width s not
observed from the optical microscop. However, the preserce
of the sideways buming is assocised with th high tempera-
ture oxidaton reactions taking plce in the cuting section.
‘Although itrogen s use s th assist gas in the cuting scc-
tion,the axygen trapped during the production of the Kevlar
laminae s rleased during cuting. This i more pronouse—

dergoes  igh empersture eaction with Kevla i he k.
Sinc the amount of axygen trapped i the Kevlarlaminaic
s sl inompee o pao combustion reactions take plar~
i the ke Thi, it resls n e prsece ot
postsstoudthe ke cdges. The close examination of

dges (i ) reveals that whiskers are ot observeda the G-
edges; however, some small seations are evident T

‘more pronounced at high laser output power and low|,
cutin spocds. Th high temperature 0xidtin reactos
{he ke contibut 0 the formatin of the statins, parti-
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4.3 Surface Finish
& When considering ways to ensure a high quality surface finish is achieved with laser cutting, Ghany,

and Newishy (2005) expressed how the surface finish value decreases if the laser power and gas

pressure are decreased simultaneously to the cutting speed and frequency being increased.

B

A study by Quintero et. . (2010) highlighted the effect of the gas pressure, laser power, cutting

speed and pulsing frequency on the surface roughness left behind their findings are displayed in

Rt

Figure HDFHFID.
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3.1 Surfuce roughness: Surface roughness is an cffetive
parameter representing quality of a machined surfice. K.A.
Ghany & M. Newishy (6] predicted that surface roughness
Value reduces on increasing cuting speed & frequency and
decreasing laser power & gas pressure. Arun Kumar Pandey
and Avanish Kumar Dubey [7) studied the effect of laser
cutting of Titanium alloy sheet and observed that lower
values of pulse frequency, higher values of cutting speed and
moderate pressure of gas results in lesser surfuce roughness.
A Riveiro et al. 8] shown the effect of laser power, gas
pressure, pulsing frequency and cutting speed on surfuce
roughness in Figure 2. They found that good quality can be
obtained by high cutting speed and high laser power. A.
Stournaras et. al. (9] found that laser power and cutting speed
were found to play the most important role on the culting
quality due 10 the fact that their combination determines the
‘amount of heat that enters the cutting regime.

Cutting speed Pulsing Frequency
1 16

Gas Pressure

Laser power
5 2

Figure. 2. Effect o cach parameter on surface roughness (5]

Milos Madic and Miroslav Radovanovic [10] in their graph
illustrated that surface roughness decreases with increase in
cutting speed and increases with increase in assist gas
pressure as shown in Figure 3 and Figure 4.

nx B Pc

Dv| + -8

a%x ® 60

Fr——

Figur 4 Surace rvghnes vs A gaspressre (10]

Thawari, G. et al. [11] observed that surface roughness
Value reduces with increase in cutting speed and_frequency
and decrease inlaser power and gas pressure. N. Rajaram et
4l [12] in their work concluded that high powers and lower
feed rates gave good surface roughness. Milos Madic ct. a.
[13] observed that the cutting speed should be kept at the
highest level (Tm/imin), asist gas pressure at the lowest level
(3 bar), while Laser power should be kept at an intermediate
level (09 kW) for obtaining minimal surfce roughness.

Sundar et al. [14] concluded the following: decrease in
asist gas pressure shows a good decrease in surface
roughness; higher cutting speed_produces low surfice
roughness; there is a diret relation between the laser power
and the surface roughness and the effect of aser pover was.
‘more significant at low levels of laser power; and the effect
on stand-off distance on surface roughness was very less
Significant.

3.2 Kerf width: Kerf s a groove or a slit or a notch usually
the lower and upper part of the cut is usually not parale, it
will be narrow at the bottom than the top. Kerf widih is
‘measured along the whole cut line of the width s shown in
Figure 5. It is the difference of starting width of the top
profile 1o the ending widih of the top profile. This same
applies to the bottom surface. (14]

Start width  End width
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(Figure HDFHFID  F. Quintero et.al. (2010}
The findings of Quintero et. al shown in Figure HDFHEID support thelr theory that cutting speed and
high laser powier have the largest capabilities of obtaining a good quality finish. This is supported
further by Sarin Sundar et.al. (2005) who observed that there s a direct correlation between the
surface roughness value dropping with an increase in cutting speed and decrease in laser power
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Figure. 2. Effect o cach parameter on surface roughness (5]

Milos Madic and Miroslav Radovanovic [10] in their graph
illustrated that surface roughness decreases with increase in
cutting speed and increases with increase in assist gas
pressure as shown in Figure 3 and Figure 4.
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Figure 3. Surface roughness vs Cuttng speed [10]
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Toad rates gave good surface roughness. Nilos Madic e al
[13] observed that the cutting speed should be kept at the
highest level (Tmimin), assist gas pressure at the lowest level
(3 bar), while Laser power should be kept at an intermediate
level (09 kW) for obtaining minimal surfce roughness.

Dy

Sundar et al. [14] concluded the following: decrease in
asist gas pressure shows a good decrease in surface
roughness; higher cutting speed_ produces low surfuce
roughness; there s a direct elation between the laser power
and the surface roughness and the effect of aser pover was.
more significant at ow levels of laser power; and the effect
on stand-off distance on surface roughness was very less
Significant.

3.2 Kerf width: Kerf s a groove or a slit or a notch usually
the lower and upper part of the cut is usually not parale, it
will be narrow at the bottom than the top. Kerf width is
measured along the whole cut line of the width as shown in
Figure 5. It is the difference of starting width of the top
profile 1o the ending widih of the top profile. This same
applies to the bottom surface. (14]
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Figure 5. Ker width measurements (14]
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10), and the striations becomes obvious at 15.2 mm (Figure 13). At 254 mm (Figure 17), the
local surface roughness measurements are becoming indistinguishable from the high peak to
valley measurements of the striations. Visually with the human eye, the striations appear to be
very small, but from measurements, they appear to be very large. At 33 mm (Figure 20), the
measurements are primarily the striations since the relative magnitude of the local surface
roughness is negligible when compared to the peak to valley amplitudes. In Figure 22 (38.1 mm
depth), the flats that are observed at the bottom of some of the valleys are due to the stylus tip of
the profilometer reaching its maximum extension and couldn’t reach further into the valley.
Surface finish measurements 38 mm from the top edge of the test sample were not obtainable
with the Pocket Surf PSI since it exceeded the maximum inspection range of this instrument.
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Figure 4. Surface finish measurements in 50 mm thick aluminum.

In Figure 4, it can be seen that the average surface finish, Ra, gradually and smoothly increases
along the depth of the workpiece. The smoothest finish occurring at 1.27 mm from the top of the
workpiece (jet entry surface), and is worse at the depth 38 mm. The average peak to valley
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I 2.Introduction
< Company A manufactures aerospace components using traditional manufacturing methods such as
~ cNCmilling. Company A wishes to modernise their production process capabilities away from
& traditional methods. The part in focus for this report is an aluminium cockpit floor from a helicopter
~ with the given dimensions of 50.8 x 33 x 2.5cm with a maximum machining tolerance of +/-
"~ 0.0127cm. The part size will determine the possible manufacturing processes available to Company
© Atoexpand their business and two alternative methods are discussed in this report with
<+ comparisons made between them and the original CNC milling process. The task description does
= not provide financial boundaries therefore this is excluded from the report.
= 6. Conclusion
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H O Type here to search

- 0 e o vk kL8

o /Uni/Mys%:

TASK DESCRIPTION

Aluminium helicopter cockpit floor

A company manufactures a variety of acrospace components, such as the cackpit floor pictured 3
x 33 x 2.5¢m to a maximum tolerance of +/-0.0127 cm, using processes such as CNC milling. T!
floor is also heat treated. The company wishes to modernise and expand and are looking at non-
traditional machining cquipment. They would also like to improve the surface quality.

Write an 1800 word report of fwo possible process options for the management team of the
company. Compare and conirast the advantages and disadvantages of both processes in comparis
with CNC milling

You should also prepare a ten minute presentation of your work for your peer group and lecturer:
1210412019





