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Advanced Processes and Materials – Dr Rachel Alexander
Introduction
As a result of advances in modern machining, one can replace traditional manufacturing processes with contemporary methods of manufacture. Technological developments have made manufacturers revaluate their choices of processes, improving; competitiveness, output, improved capability, machining times, efficiency, accuracy and more. Traditional Machining Processes conventionally have a tool in contact with the work piece directly which incurs limitations, including extreme tool wear depending on the hardness of the material (Process, 2017). This is due to the macroscopic plastic deformation which amount to chips on the work piece surface released by shear deformation (Kharagpur, 2009). It is important to classify and differentiate Non-Traditional Processes (NTP) and Traditional Processes. NTP use energy harnessed from other sources including mechanical, electromechanical, electrothermal and chemical means. 
A company wishes to reassess the manufacturing process of its cockpit floor. A figure of the structure is shown below:
[image: ]
[bookmark: _Toc529377962]Figure 1: Aluminium cockpit floor – Alexander R 2018
Analysing the photograph, it is evident that the criteria for the manufacturing process to suffice the company are as these points as follows as advised by the brief: 
1. Must create fin features, fillets and holes which replicate the part geometry in Figure 1 (Excluding replicating the rivets)
2. Be a comparatively modern manufacturing process to CNC machining
3. Capable of machining products at high volume for the company to expand
4. Improved surface quality to CNC machining
5. Must be non-traditional and appropriate for its size (50.8 x 33 x 2.5cm)
6. Tolerance of +/-0.0127cm
7. Suitable for Aluminium


Identifying processes
For the purposes of the report, the traditional CNC machining method of manufacturing will be appraised alongside a subtractive and additive NTP for a comprehensive selection. Direct Metal Laser Sintering (DMLS) and Abrasive Water Jet Machining (AWJM) are the chosen additive and subtractive processes respectively. As the two types use distinctive variant classes of energy (Laser and Water with abrasive), machining characteristics will be individually dissimilar from CNC machining. 
Abrasive Water Jet Machining (AWJM)
Abrasive laden water is pumped at very high velocity (1000m/s (Kumar & Technology, 2017)) and pressure (2500-4000 bar) through a narrow nozzle to create a cutting beam to impinge the work surface. The abrasive used in this instance will be garnet (Mesh size 80 at 7.5 Mohs). The potential head of water is changed to velocity by passing through a hard (typically sapphire) nozzle of 0.2-0.4mm thanks to Bernoulli’s principle, with relatively no losses. These statistics come from a WJ 4080 (Khan, Munajat, & Tajudin, 2005) with a standoff distance from 1mm to 5mm. From experimental results, this process’ advantageous characteristics for the machining of the cockpit floor application are as follows:
· Can machine thick plates, depth of cut 1-25mm (Kumar & Technology, 2017) (satisfies point 5)
· Machine any 2d features (satisfies point 1)
· Chemically inert
· Capable of high volume, rapid product turnout (satisfies point 3)
· Tolerances of +/-0.25mm up to 50mm (Hydromar, 2018)
· Maximum bed size of 4 x 2m (Hydromar, 2018)
· Cutting rate of 51-460mm/min MRR (Kumar & Technology, 2017)[image: ][image: ]Figure 2: AWJM Schematic - Hussain G Process parameters and machining characteristics 2013
Figure 3: Variation in MRR with change in abrasive flow rate for increasing grain size – Mistri N 2017 
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Figure 4: Effect of abrasive material grain size on roughness
Using the data from a One Variable at a Time Analysis (OVAT) in Fig 4 we can find an approximate value for surface roughness, using 80 mesh from previously referenced data that the surface roughness expected from the process is 1.5µm.
Direct Laser Metal Sintering (DLMS)
This technology essentially prints metal parts. A high-power laser adds energy to the system which fuses particles together creating a solid. This can produce elaborate, high density, exotic features as solids can be made in any point in space inside the working envelope. 
· Detailed resolution (satisfies point 1)
· Can produce aluminium parts in the thickness required (satisfies point 5)
· Can be automated therefore modernised (satisfies point 2)
· [image: ]Resolution of 20μm, 0.02mm (Plunkett, 2018)
· 18 to 3.5 μm, 0.018mm-0.0035mm Surface roughness

[image: ]Figure 5: Schematic of DMLS, Unknown 2017
Figure 6: Surface finish and tolerances, DMLS Services 2018

CNC Machining
The CNC machining is the most accurate method of manufacture, with its high resolution its great throughput can yield precise results. Its library of programmes can retain programs to be used repeatedly with an estimated machining time calculated. 
· Tolerance +/-0.025-0.125m
· MRR relies on too many variables to be given an estimate
· Can create fin features (satisfies point 1)
· Can be completely automated
· Variety of surface finishes
· High machining speed
· [image: ]Precise, sophisticatedFigure7: Main Effects Plots for SN ratios, Hameed A 2015



Appraisal
The drawbacks of the processes are going to be the pitted against each of the options. The size of the product will eliminate DMLS as a viable option because of the build time required to achieve the scale per unit is substantially higher than CNC machining, including tool wear. DMLS would be more suited to a complex part, as the geometric complexity of the product is low as it was not designed for the process. DMLS financial gains would however be from packing the envelope, which at the scale the product is, is not efficient. However, as the density of the product is not specified in the brief, the company can sell the component on with the feature of being weight saving by having a lower density, with the option of using DMLS. In the aerospace sector it is especially important to save fuel and therefore money by lowering the weight of the parts. DMLS’ high resolution could achieve miniscule details such as replicating the aesthetic look of the rivets in the design. The post processing time from digging out the finished product inside the support material/powder from brushing off and cleaning will slow a fast-paced industrial process right down. CNC and AWJM will leave the finished product on the bed of the machine completed with no post processing. This dismisses DMLS as a viable process due to the inability to handle large volumes.
The surface finishes of the CNC are suited best for the application of the Aerospace component as studied from the photograph, the product is required to be painted yellow. To have a secure adhesion to the surface, a porous surface would be better accepting of paint, which DMLS can satisfy just as well. The MRR of the processes is can be reviewed to get a quantitative indication of which process is the most efficient. Fig 7 shows how much this can vary within CNC machining in relation to multiple parameters. The design complexity dramatically dictates the cost in all processing types. 
The initial costs for all the processes are very high due to the nature of the asset required for continuous use. CNC provides greater reliability when correctly preventatively maintained with ongoing maintenance as it is wholly mechanical. The design is also appropriate for manufacture as the CNC machine has axis movement limitations, but as it is flat with few features the turnaround would be rapid. Due to the fin feature however, there would be a significant amount of material wastage which is important to take into consideration, but aluminium billet is a cheap enough material and the scrap and waste particulates can be recycled. Tool wear will be great but will need factoring into the cost per product as it is so significant. The bed of the CNC and AWJM machine can only be used for one product at a time due to tool movements, this puts it in a lesser position than DMLS which can achieve a stacked envelope of parts.
AWJM has no heat affected zone from the water medium being used, which does not harden the aluminium and therefore change its properties. This point can be ignored as the change of property is required due to the company specifying that they heat treat the component. No burrs incur on the edges of the product due to this also. This would benefit its features massively, such as the fillets and circles, also requiring no post processing to achieve clean finished cuts. AWJM cannot take the material in between the fins to achieve the feature as rapidly as CNC, due to the bulk of it needing to be removed. To get around this, the fins could be machined using AWJM and later secured to the flat sheet metal to get the same results, then riveted together.
Conclusion
[bookmark: _GoBack]Amendments to the design would be required to validate using DMLS, as the current design is plain, it would add unnecessary cost to update to a more complex design to use the manufacturing process. Hybrid processes are available which combine DMLS with CNC, yet availability of the assets to do it successfully are limited (Plunkett, 2018). Looking at it quantitively one can measure the closer difference between CNC and AWJM. These pair are the only viable options for the company and achieve most of the specification as set by the company. After reviewing the MRR, surface finish, tight tolerances and the savings involved with changing to AWJM, the best decision would be to remain with CNC machining. AWJM does not require any design tweaks, and has great, repeatable results however the change would mean the purchase of new assets to achieve what is almost the exact same surface finish, features, measurements and tolerances. Therefore, the process is best left as it is using CNC.
Before looking at a few selected processes against each other, one would rather use optimisation techniques and methodologies such as One Factor at a time, Design of Experiments, and Build-Test-Fix to select the perfect manufacturing process.
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are reduced in this process. The cutting abilty of water jet machining can be improved
drastically by adding hard and sharp abrasive particles into the water et

‘Water jet technology uses the principle of pressurizing water to extremely high pressures, and
allowing the water to escape through a very sl opening called orifice” or “jewel”. Water jet
cutting uses the beam of water exiting the orfice to cut soft materials. This method is not
suitable for cutting hard materials. The inlet water is typicall pressurized between 1300 - 4000
bars. This high pressure is forced through a tiny hole in the jewel, which is typically 0.18to 0.4
mmin diameter.

Applications of WJC

« Water jet cutting is mostly used to cut lower strength materials such as wood, plastics
and aluminum. Paint removal

« Cleaning cutting soft materials, Cutting frozen meat.

o Textile, Leather industry.

« Mass Immunization, Surgery, Peening.

« Pocket Milling, Driling, Tuming, Nuclear Plant Dismantling
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