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The purpose of this report is to identify two advanced manufacturing processes that can be introduced to modernise a company. The company currently operates using traditional machining concepts, such as milling, drilling, boring and grinding.                                                                                                               Boothroyd et al (1988) outlines the fundamental concepts of traditional machining practices, which provides the basis to determine the key areas for consideration, when selecting two suitable advanced manufacturing process alternatives.                                                                                                                              The scientific principles of the selected advanced manufacturing processes will be documented to provide reference and clarity regarding how the technology actually works. Additionally, the advantages, disadvantages and suitable applications of both processes will be compared and contrasted to provide supporting evidence for the company to scrutinise, when making a final decision on which process to select.                                                                                                          Finally, the potential effect that the new technology could have on the company with regard to their industry sector is to be reviewed and outlined to aid future planning and considerations. 
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[bookmark: _Toc510772669]Laser Beam
Dubey and Yadava (2008) discuss how the acronym laser is derived from the industrial definition of laser amplification through stimulated emission of radiation. Additionally, Dubey and Yadava (2008) states the importance of understanding how atoms make light, which is a key ingredient to the formation of a laser. 
After review of Allen (1969) it can be determined that electrons orbiting around an atom can be excited when they absorb energy. An excited electron moves further away from the atoms nucleus, but the default reaction of the electron is to give off the absorbed energy in the form of a photon and immediately return to a grounded state (original position). The emitted photon is light and formulates the foundation of a laser beam.
Fig 1.0 Reference diagram for how Atoms make light (Pineinterest.com, 2018)
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Ion (2005, p. 41), states that “After Hertz generated electromagnetic waves using a high voltage induction coil”, the creation of photons with varying wavelengths, frequencies and energy levels became possible. The `Electromagnetic Spectrum` was formulated, which Ion (2005) describes as a sliding scale used to categorise the energy level in relation to the wavelength of a photon.
Fig 1.1 Electromagnetic Spectrum (Ion, 2005)
[image: ]
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Lawrence (2018) outlines the different types of lasers used to service LJC applications in modern manufacturing.
1. C0² Lasers – Gas assisted to aid combustion on harder materials
2. Nd (Neodymiam) – Solid state laser used in high energy low repetition processes.
3. Nd-YAG (Neodymiam Yttrium Aluminium Garnet – Solid state laser relies on crystal to make light and used for very high energy applications.
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Lawrence (2018) discusses how laser cutting uses a concentrated beam of intense light that is accurately projected to a designated point on a workpiece. The material becomes molten at the point of beam intersection and a plasma skin to the surrounding surface is generated. Lawrence (2018) further outlines that the beam magnification controls the depth of cut and the machine bed or laser head can be moved axially, through CNC control to produce a desired profile. Additionally, an accompanying jet of pure oxygen is used to assist the burning process when cutting mild steels.  Alternatively, aluminium or stainless steel require the oxygen to be replaced with nitrogen to flush out any remaining molten metal from the kerf (path of projected laser) that is not vaporised during cutting. (Lawrence, 2018).
Fig 2.0 Laser cutting 
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Powell, (1994) discusses how a red laser consists of a ruby crystal entwined within a flash tube, which generates high energy dissipation in the form of photons at timed intervals. Powell, (1994) outlines how this hardware can be used to initiate `Laser Pumping`, which is a process used to transfer energy from an external source into a lasers ruby, where the ruby`s electrons absorb this energy and become excited. Powell (1994) further discusses how `Laser Pumping` is a catalyst to create a `Population Inversion`, which is the point at which more electrons within the ruby become excited, than those which are in a grounded state”.  Dubey and Yadava (2008) discuss the most common excited states of electrons within laser beams to be `Metastable states (10^-3), which act as short-term energy traps for lower energy level electrons, whilst `Short lived states` (10^-6) contain higher energy levels that are displaced in a much shorter time (see Fig 1.1). Allen (1969), explains how an electrons default reaction, when excited is to displace it`s gained energy in the form of a photon and return to a grounded state. Powell (1994) outlines that the displaced photons travel around the ruby at the speed of light encountering sporadic collisions with already excited electrons. This creates `Stimulated Emissions`, that Powell (1994) describes as the release of two photons from one electron with the released photons all being coherent and in phase with the energy and wavelength of each other, whilst all travelling in the same direction. Powell (1994) further outlines  how a mirror deflects photons from one end of the crystal to the other, where a partially reflective mirror allows residual power to be syphoned for amplification to a pre-determined wavelength, this process is known as optical feedback, which El-Hofy, (2005) outlines as the final process allowing the creation of a concentrated, coherent, monochromatic beam of light known as a Laser.
Fig 2.1 Laser Creation (Altered-states.net, 2018)
                         [image: ]
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[bookmark: _Hlk510603832]Fig 2.2 Energy calculations 
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Fig 2.3 Ionisation and excitation calculations
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Fig 2.4 Frequency of electron falling to grounded state
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Fig 2.5 Energy, frequency and wavelength calculations
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[bookmark: _Toc510772675]Abrasive Water Jet Cutting Process

Momber et al (2012) discusses firstly, how a high-pressure pump delivers pressurised water packed with potential energy to a dispense nozzle for manipulation. Secondly, the nozzle containing a circular orifice restricts the jet flow to maintain the system pressure. Thirdly, an inbuilt venturi section within the nozzle, allows the passing jet to draw quantified doses of abrasive particles from an attached hopper. Finally, the prevailing slurry enters a ceramic mixing tube, before exiting the nozzle as the loaded cutting jet. Momber et al (2012) additionally documents the need for a recycling tank to collect and recirculate the dispensed media, alongside a secondary supply system to control the dosed abrasives. Furthermore, most machine setups allow the dispense head to be manipulated axially through CNC to produce the desired cut profile (Momber et al, 2012)
Fig 3.0 Water Jet Nozzle (Wardjet.com, 2018)
                    [image: ]
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Wang (2003) states “Most abrasive water jet cutting machines require a pressurised water supply of 60,000 psi (4137 bar)”, to enable much harder materials to be cut than with WJC. To create this pressure Wang (2003) outlines that either an intensifier pump or ceramic piston pump can be used.
[bookmark: _Toc510772677]High Pressure Intensifier Pump
Mahamood and Akinlabi (2018) considers the fundamental concept of intensifier pumps and outline firstly, how pressure amplification can be created by exerting a fixed pressure to a body of oil, which acts against a large bore piston. Secondly, the attached piston rods have a smaller surface area, which compresses the target fluid in unison with the large bore piston power stroke. Thirdly, a valve transfers oil from one side of the cylinder bore to the other, after each power stroke is complete. Wardjet.com (2018) a supplier of water jet cutting machines states, “Intensifier pumps used for typical water jet cutting machines have a 20:1 ration between the piston and rod bores design surface area”. This provides a pressure amplification factor of x20 as displayed in fig 3.1. 
Fig 3.1 Intensifier Pump (Wardjet.com, 2018)      [image: ]Point B
Ø 10mm
Point A
Ø 200mm


Fig 3.2 Pressure and force calculations of intensifier
[image: ]

Jiazhang et al (2008), discusses how the diameter of the dispense orifice within the cutter head generates a pressure restriction, which allows the pump to create a target pressure, whilst cycling at a controlled speed.  Wardjet.com (2018) states “a typical intensifier pump cycles between 50/60 strokes a minute to maintain a pressure of 60,000 psi”
[bookmark: _Toc510772678]High Pressure Piston Pump
Gracey (2006) describes how a direct drive ceramic piston pump is comparable to a traditional car engine and explains firstly, how three offset ceramic pistons, attached to a rotating crankshaft are reciprocated within sealed chambers. Secondly, water supplied to the piston chambers is pressurised through compression. Thirdly, the speed of rotation of the crankshaft determines the output pressure.
Fig 3.2 High Pressure Piston Pump (Wasppumps.com, 2018)
                                  [image: ]

[bookmark: _Hlk510604969][bookmark: _Hlk508879873]Fig 3.3 Direct Drive Pump Concept (Wardjet.com, 2018)
                                  [image: ]
Wang (2003) describes how a typical direct drive piston pump used for abrasive water jet cutting is “capable of producing 50,000 psi (3448 bar), whilst rotating the crankshaft at 1750 rpm”, which produces the pressure required to cut much harder materials than WJC with minimum motor exertion,
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 All reference values used in calculations are provided by Wardjet.com (2018). (See appendix 2.1)
[bookmark: _Hlk510606100]Fig 3.4 AWJC force calculations
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Fig 3.5 AWJC mass calculations
[image: ]
Fig 3.6 AWJC mass calculations
[image: ]




Fig 3.7 AWJC time calculations
[image: ]
The provided calculations show how by substituting known variables into the equations any one unknown condition can be calculated.
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A literature review of multiple sources has been used to progressively compile Fig 3.4, which outlines the key considerations regarding each pump. 
Fig 3.4 AWJC pump Comparison (Gracey, 2006), (Wardjet.com, 2018), (Mahamood and Akinlabi, 2018), (Waterjets.org, 2018), (Momber et al, 2012)

[image: ]
Review of Gracey, (2006) concludes that a direct drive ceramic piston pumps are cheaper to purchase and run because a high percentage of input power can be transferred directly to the cutting nozzle with minimal energy loss. Alternatively, there are high costs associated with maintenance as they have many moving parts that are operated at very high speeds to maintain the required pressure.
Review of Mahamood and Akinlabi (2018) concludes that intensifier pumps have considerably lower maintenance costs and service intervals, due to the slower stroking speeds required to maintain the cutting pressure. Alternatively, a significant amount of energy is lost in heat within the hydraulic system, which creates the need to specify a higher output pump to achieve the same pressure at the cutting head.
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A literature review of multiple sources has been used to progressively compiled Fig 4.0, which outlines the key considerations between LJC and AWJC. (Krajcarz, 2014), (Wardjet.com, 2018), (Lawrence, 2018) (Ctrlasers.co.uk, 2018)
Fig 4.0 LJC and AWJC Key Considerations
          [image: ]

[bookmark: _Hlk510610191]Through reflective comparison of the compiled table Krajcarz (2014) firstly, supports the observation that AWJC can cut a much greater range of materials than LJC. Secondly, LJC is a better choice for the manufacture of uniform components as AWJC can struggle with this aspect, due to the potential of taper occurring in deep cuts. Thirdly, Krajcarz (2014), outlines how AWJC is ideally suited to cutting materials, which have changeable properties through thermal interaction. The generation of no heat within the cutting process prevents work hardening and distortion of these materials. Lawrence (2018) supports that achievable tolerances are on par within each process, although AWJC is deemed to be much safer. Review of Wardjet.com (2018) and Ctrlasers.co.uk (2018) indicated that recommended maintenance intervals are on par within each process, although the AWJC maintenance tasks are much easier to undertake.
CES EduPack (2013) has been used to compile and compare graphically the key performance metrics between each advanced process.
[bookmark: _Hlk508984629]Fig 4.0 Minimum Material Thickness Comparison                 Fig 4.1 Maximum Material Thickness Comparison    
[image: ]           [image: ]
Laser cutting minimum section of thickness that can be cut is 400 microns less than AWJC
Laser cutting maximum section of thickness that can be cut 25mm greater than AWJC

Fig 4.2 Minimum Achievable Tolerance Comparison             Fig 4.3 Maximum Achievable Tolerance Comparison
[image: ]           [image: ]
Laser cutting can achieve tolerances of up to 50 microns tighter than AWJC
Laser cutting can achieve tolerances of up to 500 microns looser than AWJC

Fig 4.4 Minimum Surface Finish Comparison                           Fig 4.5 Maximum Surface Finish Comparison
[image: ]           [image: ]
Abrasive water jet cutting can achieve a 0.2 Ra smoother surface finish than LJC
Laser Cutting can achieve rougher surface finishes of up to 3.7 Ra than AWJC

Fig 4.6 Minimum Cutting Speed Comparison                           Fig 4.7 Maximum Cutting Speed Comparison
[image: ]            [image: ]
Laser cutting minimum capable cutting speed is 0.049 m/s less than AWJC
Laser cutting maximum capable feed rate is 0.4 m/s faster than AWJC

Fig 4.8 Minimum Width of Cut Comparison                           Fig 4.9 Maximum Width of Cut Comparison
[image: ]        [image: ]
Laser cutting can achieve a minimum width of cut 50 microns less than AWJC
Laser cutting can achieve a maximum width of cut 600 microns wider than AWJC


Fig 4.10 Minimum Material Hardness That Can Be Cut      Fig 4.11 Maximum Material Hardness That Can Be Cut 
[image: ]          [image: ]
· LJC cannot cut reflective materials and generates thermal reactions in susceptible materials
WJC and AWJC can cut the softest of materials with no issue
AWJC can cut significantly harder materials than WJC and LJC
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After review of the associated costs of advanced manufacturing processes at esabna.com (2018) a graphical comparison has been compiled for analysis.
Fig 4.12 Minimum machine purchase costs                  Fig 4.13 Maximum machine purchase costs
[image: ]             [image: ]
AWJC machines are on average $450,000 cheaper than an equivalent LJC machine
[bookmark: _Hlk510623035]Fig 4.14 Average labour costs of advanced process machinery[image: ]
The associated labour costs of LJC are on average up to $10 / hour cheaper to run than AWJC
Fig 4.15 Average Production Rate of advanced process machinery
[image: ]
The average production rate of an equivalent LJC can cut 37 inches / min more than AWJC
The analysis indicates although the setup costs of LJC are much higher, the long-term costs regarding labour and production rates are much lower. Importantly it is critical that the component design and material choice are closely considered before deciding upon suitable process to proceed with.
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Mahamood and Akinlab (2018) describe how LJC and AWJC both provide the capability of utilising a single machine to undertake multiple manufacturing tasks with minimal environmental impact. Krajcarz (2014) outlines the generation of custom CNC programs can be undertaken to service a variety of component designs and material requirements for a wide range of applications. esabna.com (2018) supports how huge cost savings can be made, through replacing custom machines with AWJC and LJC machines, which provide flexibility and financial opportunities in the developing markets of the future
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The initial review of El-Hofy (2005) identified LJC and AWJC as the advanced processes, which held the most potential to modernise a traditional production facility. 
Allen (1969) outlined how electrons produce photons, which Dubey and Yadava (2008) defined as the key process used when generating a laser. The Nd-YAG LJC technology was selected as the most suitable to investigate after review of Lawrence (2018). The fundamental creation of the laser used for Nd-YAG cutting process was documented by Powell (2018), which was substantiated mathematically by creating a series of scenarios and determining the energy required to induce ionisation (1.875 – 3.75 ev), excitation (18.75 – 43.75 ev) and the frequency when returning to a grounded state (1.21 x 10^15 – 2.17 x 10^15).
Momber et al (2012) described the process of AWJC which was used to form the research path, from which Wang (2003) indicated the importance of a high pressure pump, capable of producing up to 60,000 psi. Mahmood and Akinlabi (2018) indicated an intensifier pump to be the most suited to modern AWJC, due to the lower maintenance costs, service intervals and flexibility to operate multiple cutting heads. Wardjet.com (2018) provided graphical description of a typical intensifier pump used for modern AWJC and documented the pumps ability to amplify pressure by a factor of twenty, which was substantiated by calculating the relative forces experienced within each cylinder bore cross-sectional area of the pump. The typical dimensional setup of a minimum, mid-range and maximum orifice diameter arrangement produced nozzle forces (25.25N – 130.79N), nozzle water column mass (4.75 x 10^-8 - 9.17 x 10^-8 kg), nozzle water velocity (615.01 – 634.67 m/s^2).
Through reflective comparison Krajcarz (2014) supports the key advantages of AWJC over LJC are it is a clean and environmentally friendly process that can cut almost any material (even materials approaching 1700 Brinnel hardness), whilst generating no heat in the process, which eliminates work hardening and material distortion. Lawrence (2018) discusses how the LJC production rate is on average capable of cutting 37 inches / min more than AWJC. Additionally, CES EduPack (2013) and Wardjet.com (2018) was used to compare the key performance metrics and cost considerations between LJC and AWJC.
Fig 5.0 Performance metric comparison (CES EduPack,2013)
[image: ]  
Fig 5.1Cost Comparison (Wardjet.com,2018)
[image: ]
The tabulated results allow for the selection of the most suitable process, ensuring careful consideration is given to component design and material choice.
Finally, Mahmood and Akinlabi (2018) discuss the financial benefits, cost saving opportunities and production flexibility, through upgrading to advanced manufacturing processes, which can future proof a business to the developing markets of the future.
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Calculate energy in relation to frequency comparison throuhout the Electromagnetic Spectrum

E Energy of Photon
f Frequency
A Wavelength
h Planks Constant 6.63 x10"-34Js
Wave Type | Associated Frequency (Hz) | Electron Volt Formula | Planks Constant h ( js) Frequency f (Hz) Energy E (Joules) | Convert to Electron Volts Energy (ev)
Radio x10°4 E=hf 6.63x10M-34Js | x x10°4 =| 3.978x100-29 / 1.6x104-19 | 2.49x 107-10 | 0.000000000249
Microwave X108 E=hf 6.63x10M-34Js | x X108 =| 3.978x100-25 / 1.6x107-20 | 2.49x107-6 |  0.00000249
Infrared x10012 E=hf 6.63x10M-34Js | x x10012 =| 3.978x100-21 / 1.6x104-21 0.025 0.025
Visible X100 E=hf 6.63x10M-34Js | x x10013.5 =| 3.978x10-19 / 1.6x104-22 0.786 0.786
Ultraviolet X 10015 E=hf 6.63x10M-34Js | x X 10015 =| 3.978x107-18 / 1.6x104-23 24.86 24.86
X-Ray x10018 E=hf 6.63x10M-34Js | x x10018 =| 3.978x10-15 / 1.6x100-24 24862.5 24862.5
Gamma X 10420 E=hf 6.63x10M-34Js | x X 10420 =| 3.978x10n-13 / 1.6x104-25 2486250 2486250

The sample calculations show that the higher frequency of each wave type produces higher associated energy levels in elecron volts.
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Calculate lonisation enery to remove one electron from an atom in electron volts

Electrons Original Kinetic Energy (J) Remaining Energy after lonisation (J) Energy required to create lonisation (Joules) Convert to Electron Volts Energy required to create lonisation (Electron Volts)
7x104-19 5x104-19 (7x107-19)) - (5x 107-19)) 2x10n19 |/ 1.6x104-19 1.875ev
8x107-19 4x107-19 (8x107-191) - (4x 107-19)) 4x10n19 |/ 1.6x104-19 2.5ev
9x107-19 3x104-19 (9x107-191) - (3x 107-19)) 6x10n19 |/ 1.6x104-19 3.75ev

The sample calculations show that the greater value between original and remaining values after ionisation has occurred indicates a much higher energy level is

required to induce ionisation

Calculate energy required to elevate an electron to an excited state

Electrons Original Kinetic Energy ()) Remaining Energy after Excitation (J) Energy required to create Excitation (Joules) Convert to Electron Volts Energy required to create Excitation (Electron Volts)
8x101-18 1x107-18 (8x107-18)) - (1x 102-18J) 7x10018 |/ 1.6 x 10119 43.75ev
7x107-18 2x107-18 (7x107-18)) - (2 x 107-18J) 5X10M-18 |/ 1.6 x 10119 31.25ev
6x107-18 3x107-18 (6x101-18)) - (3 x 107-18J) 3x10018 |/ 1.6 x 10119 18.75ev.

The sample calculations show that the smaller the value between original and remaining values after excitation has occurred indicates a much lower energy level

is required to induce excitation





image12.tmp
Calculate the frequency of emitted photon when electron falls to a grounded state

E1 Energy Level 1 of Photon

E2 Energy Level 2 of Photon

f Frequency

A Wavelength

h Planks Constant 6.63 x10"-34Js

Electron Volt Formula Energy Level 1 (ev) Energy Level 2 (ev)] |De-Excitation (ev) Between E1 and E2| Convert to Joules De-Excitation Energy (1) [Frequency Formula E/h Frequency f (Hz)
5.4 - 10.4 = 5 1.6x 10019 8x 10019 f=E/h (8x107191)/(6.63x 10~-34)s) | 1.21x10°5
3.4 - 10.4 = 7 1.6x10M19 11.2x10719 /h (11.2x107191) / (6.63 x 10134 Js) | 1.69 x 1005
14 - 10.4 = ) 1.6 x 10019 14.4x10719 f=E/h (18.4x107191) /(6.63x 10~-34Js) | 2.17x10M5

The sample calculations show that the greater the value between de-excitation energy levels the higher the emitted photons frequency will be.
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E Energy of Photon (ev) Convert Joules to electron v / 1.6 x 10/-19

E1 Energy Level 1 of Photon (ev) Convert electron volts to jot x 1.6 x 107-19
E2  Energy Level 2 of Photon (ev)

f Frequency (Hz)

A Wavelength (m)

h Planks Constant 6.63 x 107-34 Js (4.14 x 107-15 ev/s)

C Speed of Light ms~-1

Important Equations which can be used to calculate the Energy, Frequency and Wavelength of a Photon throughout the process of lonisation,
Excitation and when returning to a grounded state

E=h/f -> f=h/E -> h=f.E
C=fA -> f=c/A -> A=c/f
E=zhc/A > h.c=E.A -> A=h.c/E
hf=E1-EZ > El=hf+E > E2=E1-h.f
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Transition Energy Levels

Photon Attributes

Process used to calculate Unknown

E2 (ev) El (ev) Frequency f (PHz) x10°15 | WavelengthA (nm) x 10°-9 |  Base Equation | Transposed Equation Calculation Result
74 124 3.2 0.937 c=fA A=c/f (3x1078) / (3.2 x 10715) 0.937 X 1019
3.8 20.69 4.08 284 hf=E1-E2 El=hf+E2 ((4.14 x 107-15) x (4.08 x 10°15)) +(3.8) 20.69
4.8 84 0.97 344 hf=E1-E2 f=E1-E2/h (8.1-4.8) / (4.14 x 107-15) 0.97 X 1005
25 174 3.6 421 hf=E1-E2 E2=E1-hf (17.4) - ((4.14 x 107-15) X (3.6 X 10°15))
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Calculate the force present at point A and point B within a typical intensifier used in Abrasive Water Jet Cutting

d1 = Piston bore 1 diameter (m)

d2 = Piston Bore 2 diameter (m)

f = Force (N)

P = Pressure (Pa) a =Area(m?) P=f/a > f=P.a

Point A

Pump Pressure (psi) | Pump Pressure (Convert to Pascals)| Pump Pressure (Pascals) | Piston Bore Diameter d1 (m) Area formula / Calculation Area (m"2) Formula / Calculation Force (N)
3,000 3000 x 6894.757 20.68 x 1016 200 x 1073 m(d1/2) | 7 (200x107-3/2) 0.03 f=P.a (20.68 x 1076 Pa) x (0.03 m?) 620.4 x 10°3

Point B

Pump Pressure (psi) | Pump Pressure (Convert to Pascals)| Pump Pressure (Pascals) | Piston Bore Diameter d2 (m) Area formula / Calculation Area (m"2) Formula / Calculation Force (N)
60,000 60,000 x 6894.757 413 x 1076 10x107-3 m(d2/2)* m(10x107-3/2)* | 7.854x 1025 | f=P.a | (413 x 1076 Pa) x (7.854 x 10A-5m?) 32.44x 1073
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Calculate the force present at the nozzle of a typical Abrasive Water Jet Cutting Machine sampling the maximum, minimum and mid range orifice diameter arrangements

d Orifice diameter (m) Base Formula P=f/a > f=P.a
P Pressure (Pa)

r Orifice radius (m)

a Area (m?)

f Force (N)

Pump Pressure (psi) | Pump Pressure (Convert to Pascals) | Pump Pressure (Pascals) | Orifice Diameter (mm)| Orifice Diameter (m) | __Area formula / Calculation Area (m2) Formula / Calculation Force (N)
60,000 60,000 x 6894.757 413x10%6 0.279 .279x 1073 nd/2) | m(279x1003/2) | 6.12x10%8 (413 x 1076 Pa) x (6.13 x 107-8 m?) 25.25
60,000 60,000 x 6894.757 413x10% 0.406 .406 x 103 mld/2 | m(.406x1073/2) | 1.295x10°7 (413 x 1076 Pa) x (1.295 x 10°-7 m? ) 53.48
60,000 60,000 x 6894.757 413 x10% 0.635 635 x 1003 r(d/2) | m(.635x1073 /2] | 3.167x10M7 (413 x 1076 Pa) x (3.167 x 10°-7 m?) 130.79

The sample calculations show that the larger the orifice diameter the greater the force generated at the nozzle, provided the pressure remains constant from the pump
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Calculate the mass of water produced within each column of water when using the maximum, minimum and mid range orifice diameter and standoff arrangements
Density (Kgm~3) Base Formula m=v.p

Volume (m”"3)

Mass (Kg

Standoff (m)

Orifice radius (m)

":'3<'°

Minimum Available Orifice Diameter for Abrasive Water Jet Cutting

Orifice Diameter d (m)| Standoff h (mm) | _Standoff h (m) Volume Formula / Calculation Volume v (m*3) | Density of Water p (Kgm*3) Mass Formula / Calculation Mass (Kg)
279 x 1073 15 1.5x 1073 v=mrth | mx(.2279x107-3/2)x(L5x107-3) | 9.17x10A-11 1000 m=v.p (9.17 x 107-11) x (1000) 9.17x 1078
.279x 1073 2.25 2.25x107-3 r*h | mx (.279 x 107-3 / 2)* x (2.25 x 104-3) 1.38x10~-10 1000 (1.38 x 10-10) x (1000) 1.38x 1077
279 x 1073 3 3x107-3 v=mrth | mx(.2279x107-3 /2)?x (3 x 107-3) 1.83 x 107-10 1000 (1.83 x 107-10) x (1000) 1.83x 1007

Mid-Range Available Orifice Diameter for Abrasive Water Jet Cutting

Orifice Diameter d (m)| Standoff h (mm) | _Standoff h (m) Volume Formula / Calculation Volume v (m*3) | Density of Water p (Kgm*3) Mass Formula / Calculation Mass (Kg)
.406 x 1073 15 1.5x 1073 v=smrth | mx(.406x107-3/2)x (L5x107-3) | 1.94x104-10 1000 m=v.p (1.94 x 107-10) x (1000) 1.94x 1077
.406 x 1073 2.25 2.25x10M3 v=smrh | mx(.406x1073/2)x (2.25x107-3)| 2.91x104-10 1000 m=v.p (2.91 x 107-10) x (1000) 2.91x10M7
.406 x 1073 3 3x107-3 v=smrth | mx(.406x1073/2)x(3x107-3) | 3.885x104-10 1000 m=v.p (3.885 x 107-10) x (1000) 3.885 x 1077

Maximum Available Orifice Diameter for Abrasive Water Jet Cutting

Orifice Diameter d (m)| Standoff h (mm) | _Standoff h (m) Volume Formula / Calculation Volume v (m*3) | Density of Water p (Kgm*3) Mass Formula / Calculation Mass (Kg)
.635x107-3 15 1.5x107-3 r*h | mx(.635x10%-3 /2)*x (1.5 x 102-3) 4.75 x107-10 1000 (4.75 x 107-10) x (1000) 4.75 x 107-7
.635x107-3 2.25 2.25x107-3 v=srth | mx(.635x 107-3 / 2)*x (2.25 x 104-3) 7.13x107-10 1000 (7.13 x 107-10) x (1000) 7.13x 1077
.635 x 1073 3 3x107-3 v=mrth | mx(.635x107-3/2)?x (3 x 107-3) 9.51x 10710 1000 m=v.p (9.51 x 107-10) x (1000) 9.51x 1077

The sample calculations show that with the smalest compatible orifice diameter produces a greater mass of the column of water being dispensed from the nozzle .
when the standoff is further away from workpiece
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Calculate the water velocity at the nozzle dispense point when using the maximum, minimum and mid range orifice diameter arrangements

q Volumetric flow rate (m~3/s) Base Formula q=a.v -> v=q/a

d Orifice Diameter (m)

a area (m”2)

v Velocity (m/s”2)

Orifice Diameter d (m)| Flow Rate (I/min) | _convert from |/mintom"3/s | Flow Rate (m"3/s) Area formula / Calculation Area (m"2) Velocity Formula / Calculation Velocity (m/s)
279 x 1073 2.27 (2.27) x (1.66 x 107-5) 3.77 X 1075 m(d/2)* (2791073 /2) 6.13x 1078 v=q/a |(3.77x107-5)/(6.13 x 107-8) 615.01
.406 x 1073 4.92 (4.92) x (1.66 x 107-5) 8.17 x 105 m(d/2)* (406 x 103 / 2)* 1.295x 1047 v=q/a [(8.17x107-5)/(1.295 x 107-7)| 630.89
.635 x 1073 12.11 (12.11) x (1.66 x 10-5) 2.01x 1074 (d/2)* r(.635x107-3/2) 3.167 x 10A-7 v=q/a [(2.01x107-4)/(3.167 x 107-7)| 634.67

The sample calculations show that using a larger orifice diameter will produce a faster flow rate and higher velocity of water exiting the dispense nozzle,
when the input pressure is maintained at 60,000 psi
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Calculate the time taken for the jet of water to reach the workpiece using the maximum, minimum and mid range orifice diameter and standoff arrangements
t=(mv-mu)/f

~c<3g—

Force (N)
Mass (Kg

Final Velocity (m/s)
Initial Velocity (m/s)

time (s)

Base Formula f=(mv-mu) /t

Minimum Available Orifice Diameter for Abrasive Water Jet Cutting

>

Orifice Diameter d (m)] Standoff h (mm) | Standoffh(m) | Force (N) | Mass of Water (kg) [ Initial Velocity (m/s) [ Final Velocity (m/s) Time Formula / Calculation Time (s)
.279x 1073 15 1.5x1013 25.25 9.17x 1078 615.01 ) t=(mv-mu)/f | ((9.17 x 102-8x 0) - (9.17 x 10-8 x 615.01)) / (25.25) 2.2x10%6
.279x 1073 2.25 2.25x100-3 25.25 1.38x100-7 615.01 0 mv-mu) /f | ((1.38x107-7x0)-(1.38 x 1077 x 615.01)) / (25.25) | 3.36x10"-6
.279x 1073 3 3x107-3 25.25 1.83x 1007 615.01 ) =(mv-mu) /f | ((1.83x107-7x0)-(1.83 x 1077 x 615.01))/ (25.25) | 4.45x10"-6

Mid-Range Available Orifice

Diameter for Abrasive Water Jet Cutting

Orifice Diameter d (m)] Standoff h (mm) | Standoffh(m) | Force (N) | Mass of Water (kg) [ Initial Velocity (m/s) [ Final Velocity (m/s) Volume Formula / Calculation Volume v (m"3)
.406 x 1073 15 1.5x1013 53.48 1.94x100-7 630.89 ) t=(mv-mu)/f | ((1.94x107-7x0)-(1.94 x 107-7x 630.89)) / (53.48) 2.3x10%6
.406 x 1073 2.25 2.25x100-3 53.48 2.91x10M7 630.89 0 mv-mu) / f | ((2.91x107-7x0) - (2.91x 1077 x 630.89))/ (53.48) | 3.43x107-6
.406 x 1073 3 3x107-3 53.48 3.885x 107 630.89 ) t=(mv-mu) / f [((3.885 x 107-7 x 0) - (3.885 x 107-7 x 630.89)) / (53.48)| _ 4.58 x 10"-6

Maximum Available Orifice Diameter for Abrasive Water Jet Cutting

Orifice Diameter d (m)] Standoff h (mm) | Standoffh(m) | Force (N) | Mass of Water (kg) [ Initial Velocity (m/s) [ Final Velocity (m/s) Volume Formula / Calculation Volume v (m"3)
.635 x 1073 15 1.5x1013 130.79 4.75x1017 634.67 ) t=(mv-mu)/f | ((4.75x 1017 x 0) - (4.75 x 107 x 634.67)) / (130.79) |  2.22x 106
.635 x 1073 2.25 2.25x100-3 130.79 7.13x10M-7 634.67 0 t=(mv-mu)/f | ((7.13x107-7x0) - (7.13x 10"-7 x 634.67)) / (130.79) |  3.46 x 10"-6
.635x 1073 3 3x107-3 130.79 9.51x 1017 634.67 ) t=(mv-mu)/f | ((9.51x101-7x0)-(9.51x 10"-7 x 634.67)) / (130.79) | 4.62x 10"-6

The sample calculations show that the orifice diameter has minimal effect against time taken for water jet to reach part and as expected the greater the stand off
distance the longer time taken for water jet to reach part .
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. LJC AWJC Verdict
Key Performance Metrics
Minimum | Maximum | Minimum | Maximum LJC AWJC
Material Thickness that can be cut | 0.1 mm 50mm 0.5mm 25mm v X
Achievable Tolerance .05mm 1mm 0.1mm | 0.5mm v v
Surface Finish 1um 10 um 0.8um | 6.3um X v
Cutting Speed 0.001m/s| 0.1m/s | 0.05m/s| 0.5m/s N X
Width of Cut 0.025 mm 1mm_|0.075 mm| 0.4 mm v X
Material Hardness that can be cut 100 BH [ 1000 BH 0BH 1700 BH X v
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COSTS _ LJC : _ AWJC : Verdict
Minimum | Maximum | Minimum | Maximum LJC AWJC
Average Machine Purchase Cost  |$350,000 |$1,000,000{$100,000 |$350,000 X v
Average Labour Costs $ 20 / Hour $ 30 / Hour N X
Average Production Rate 45 Inch / Min 8 Inch / Min N X
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