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[bookmark: _Toc509414796]1.0 ABSTRACT

Manufacturing as a process is a crucial commercial undertaking carried out by companies which sell products to buyers. The type of manufacturing process performed by an industry will depend on the type of products the industry makes.
Industry comprises of various establishments and enterprises which either/or manufacture and supply products and services. In recent times, companies have had to upgrade their manufacturing practices to modern non-traditional manufacturing methods due to pressure from customers who are constantly demanding better products (in terms of quality) at lower reasonable prices. Moreover, due to new materials which prove difficult or even impossible to machine due to either being too hard or too intricate using traditional methods, companies have had to turn to non-traditional methods to achieve acceptable quality of products with reasonable cost.
During this study, a company currently employing traditional manufacturing methods wishes to expand and modernise and hence plans to upgrade to non-traditional methods. 
For this study, one Traditional Manufacturing Process (blanking) and two Non-Traditional Manufacturing processes (Abrasive Waterjet Cutting) and Electric Discharge Machining) will be discussed and critically analysed.
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[bookmark: _Toc509414797]2.0 INTRODUCTION

Manufacturing, as a definition in modern perspective, comes into two categories: technologic and economic.
Technologic: A process of both tangible and chemical procedures which change the geometry, appearance and properties of the original material to manufacture other parts or components. It also entails the assembly of various parts to manufacture products.
[bookmark: _Hlk507622945]Economically: This involves altering a material to components of more value using single or multiple processes or assembly operations (Groover, 2011)
In this study, as the company modernises and expands, the pros and cons of traditional and non-traditional manufacturing processes will be critically analysed.
[bookmark: _Toc509414798]3.0 DEFINITION
[bookmark: _Toc509414799]3.1 TRADITINAL MANUFACTURING PROCESSES
These types of material-removal processes involve the use of sharp tools to do the job. Examples of these include: turning, milling, shaping, grinding, drilling. Etc. The material is removed by shear deformation. 

[bookmark: _Toc509414800]3.2 NON-TRADTIONAL MANUFACTURING PROCESSES

These material-removal methods do not employ sharp cutting tools and remove material by thermal, chemical, electrical, mechanical methods Etc. These include: waterjet cutting, abrasive waterjet cutting, laser cutting, electrochemical.
· Thermal: Localised elevated temperatures evaporate material
· Chemical: Reaction between some liquid agent and the component’s surface produces etching
· Electrochemical: An electrolyte reacts at the component’s surface removing material
· Mechanical: Uses high velocity abrasives and/or liquids (mainly water) like in abrasive waterjet cutting process (Benedict, 1987)

[bookmark: _Toc509414801]4.0 CASE STUDY
[bookmark: _Toc509414802]4.1 STAR WASHER
For comparison purposes between the traditional and non-traditional manufacturing methods, the star washers shown in Fig 1a and Fig 1b will be studied.

[image: ]                                                   [image: ]
Fig 1a External Star Washer                                      Fig 1b Internal Star Washer  
Picture Courtesy:  (Suresh Patel , 2018)
[bookmark: _Toc509414803]5.0 MANUFACTURING METHODS
[bookmark: _Toc509414804]5.1 TRADITIONAL 
One of the traditional methods for manufacturing the types of washers demonstrated above is by blanking. 
This process involves the cutting of the raw material (sheet metal) along a closed outline employing one step to detach the portion being manufactured from the surrounding stock. The detached portion is the required component which is the actual shape and size. 
[bookmark: _Toc509414805]5.1.1 BLANKING PROCESS
The blanking process occurs by shearing action and it’s accomplished when the upper cutting edge (the punch) passes through stationary lower cutting edge (the die). This process can be summarised into five phases:
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Fig 2a Contact       Fig 2b Elastic and         Fig 2c Shear &       Fig 2d               Fig 2e 
                              Plastic Deformation     Crack Formation     Breakthrough    Stripping
Courtesy: ( Kim and Altan , 2014)

The punch touches the sheet-metal stock and pushes into the work (Fig 2a) causing plastic deformation in the sheet surface (Fig 2b). The punch progresses downward penetrating the work and cuts into it (Fig 2c). The punch progresses further into the work and fracture occurs and breakthrough is achieved (Fig 2d).
The punch finally retreats upward, and stripping occurs (Fig 2e).
Stripping is the process where the sheet-metal stock and the finished product are pushed out of the punch and the die cutting edges. 
After stripping takes place, the sheet-metal stock progresses by a predetermined distance and the same blanking process is repeated.


[bookmark: _Toc509414806]5.1.2THE PROS AND CONS OF BLANKING
[bookmark: _Toc509414807]5.1.3 DISADVATAGES OF BLANKING 
Some of the shortcoming of Blanking are:
· The machinery associated with Blanking Process (press machine) requires high energy supply to perform effectively and has therefore a high carbon footprint.
· The press is large and bulky and therefore takes up too much space
· Equipment set up costs are substantial
· Tooling and equipment cost is high
· The blanked component requires secondary operation to deburr
· The Punch and Die size and shape are fixed and produces only one type of product
· The process is limited to depth and thickness of the component being made. 
·  Punch and Die reconditioning after becoming too blunt requires high skills and takes long time adding cost to the process. A second spare is almost inevitable to reduce machine down time during reconditioning of the blunt punch and die set
· The process generates residual cracks on the blanked edges
· Causes hardening on the blanked section

[bookmark: _Toc509414808]5.1.4 ADVANTAGES OF BLANKING ( Creighton, 2013)
· The process is quick since all the geometric features of the component are made in one action
· Cheaper for medium to high volume production
· Longer runs, especially in continuous material feed. These longer runs in between the tooling adjustments and material change translate into quicker production time.
· High repeatability: By using hard superior materials in Punch an Die tooling high volumes of components can be manufactured without die degradation, hence the product quality stays high and parts fail.
· Lower cost: all the advantages described above contribute in lowering the overall production cost especially when employing progressive material feed.


[bookmark: _Toc509414809]5.2 NON- TRADITIONAL 
[bookmark: _Toc509414810]5.2.1 OPTION 1: ABRASIVE WATER JET CUTTING (AWJC)
While Water Jet Cutting (WJC) is used in materials like cardboard, leather, textiles, composites, etc Abrasive Water Jet Cutting (AWJC) is employed in cutting metallic components which are harder and tougher. In the Abrasive Water Jet Cutting (AWJC), additional abrasive particles are incorporated into the jet stream to enable cutting. In both cases, a high-pressure (up to 400 MPa) and high-velocity (up to 900 m/s) fine stream of water is used to do the cutting. The nozzle thus used is made of diamond, ruby or sapphire (Groover, 2011)
[bookmark: _Toc509414811]5.2.1.1. AWJC MACHINERY AND NOZZLE ASSEMBLY
[image: ]
Fig 3 Typical AWJC Nozzle Assembly (Picture Source: waterjet-cutting.blogspot.co.uk)
[image: ]
Fig 4 Typical AWCJ Machine.  Source: Water-jets.org
[image: ]
Fig 5 A steel gear by waterjet. Courtesy: JetEdge

[bookmark: _Toc509414812]5.2.1.2 AWJC PROCESS
When employing Water Jet Cutting (WJC) to cut metallic components, it’s necessary to incorporate abrasive particles to enable cutting. After the introduction of such particles, a few factors which affect the parameters which must be controlled.
 Such parameters are: 
· Abrasive type (Aluminium oxide, Silicon dioxide and garnet)
· Grit size (Generally 60-120)
· Flow rate (Approximately 0.25 kg/min)
Other parameters to consider in AWJC
· Stand-off distance (the distance between the work and the end of nozzle). This distance is important since it affects the dispersion of water that carries the abrasive particles and it is usually ¼ to ½ of that used in WJC which is 3.2 mm
· Water pressure: same as in WJC (400 MPa and velocity of 900 m/s)
· Nozzle opening diameter: 0.25-0.63 mm (slightly larger than in WJC to allow higher flow rates and more energy before the abrasive grit is added to the water jet.
(Groover, 2011)
[bookmark: _Toc509414813]5.2.1.3 ADVANTAGES OF AWJC
· No warping or distortion of component
· Material of up to 12” (305 mm) is achievable
· Accurate to within +/- 0.001” (0.0254 mm)
· No heat-affected areas (No heat degradation)
· Small kerfs mean optimal material usage
· There are no burrs (eliminates need for secondary operations)
· The water used is cheap, readily available, not toxic and can be recycled and reused
· Can process any contour cleanly due to the small nozzle opening
· Accurate cutting enables intricate shapes including sharp corners
· Can cut vertically or horizontally (improving versatility) 
· No pilot hole needed when cutting commences (no need to begin cutting at the edge)
· Few moving parts means less maintenance (low production costs)
· Negligible lateral cutting forces (allows close cuts at the edges)
· Dustless. Particularly useful when cutting glass fibre or asbestos (Badgujar., 2014)

[bookmark: _Toc509414814]5.2.1.4 DISADVANTAGES OF AWJC
According to Badgujar and Rathi (2014) some of the setbacks of AWJC are:
· Not suitable for cutting brittle materials like glass due to cracking
· Not economically viable for most hard materials like tool steels. The cutting rate must be greatly reduced taking too long.
· At some thickness, the accuracy starts to deteriorate. After 2” (51 mm) the lowest part of the job starts to flare out causing inaccuracy.
· Nozzle can be expensive to replace. Nozzle is made from boron carbide, tungsten carbide, tungsten carbide cobalt, silicon carbide (Syazwani, 2016)

[bookmark: _Toc509414815]5.2.2 OPTION 2: ELECTRIC DISCHARGE PROCESSES
These types of non-tradition machining processes come into two categories:
· Electric Discharge Machining (EDM)
· Wire Electric Discharge Machining (WEDM)
For this study, Electric Discharge Machining will be considered. 
According to Groover (2011), Electric Discharge Machining (EDM) is one of the most widely used non-traditional processes and the shape of the tool determines that of the finished job surface.
In the EDM process, material removal is accomplished by a pattern of recurring electrical discharges between the work surface (anode) and the tool (electrode, usually graphite) and the entire process occurs in the presence of a dielectric fluid. This fluid (which includes kerosene, hydrocarbon oils and deionized water) helps in dissipating heat and flushing out debris. Material removal occurs due to the erosive effect of electrical discharges. Vibration, chatter and mechanical stresses are all eradicated since the EDM doesn’t have any direct interaction between the job and the tool. EDM is suitable to machine any material of any hardness if the material can conduct electricity. (Abbas, Solomon and Bahari, 2007)

[bookmark: _Toc509414816]6.0 EDM versus AWJC (Koelsch, 2005)
· Both machines cost roughly the same 
· Parts made by EDM cost more because EDM is slower than AWJC especially where accuracy is not critical (AWJC =10% faster but EDM=10% more accurate. On small parts, corner radius accuracy for EDM=0.03mm, AWJC=0.38mm)
· EDM generally offers superior surface finish (0.03 μ m which is unachievable by AWJC
· Running cost higher in AWJC than EDM due to parts maintenance and replacement. 
· AWJC can cut almost any material but EDM can only cut conductive 
· Un-evenness of material has negligible effect on AWJC unlike in EDM (unevenness can cause loss of flushing in EDM)
· In AWJC there is no heat affected zones, therefore no warping or change of material properties 

[bookmark: _Toc509414817]6.0 RECOMMENDATION
Considering the overwhelming advantages of AWJC over EDM, it’s evident that to manufacture the star washer in the case study, AWJC would be more cost effective.
The principle advantage of EDM over AWJC is accuracy, and the washer doesn’t need tight tolerances. The washers are relatively thin (a typical 6mm nominal size is only 1mm), and therefore several sheets of metal can be clamped and machined together to improve cutting speed and hence cost-effectiveness in AWJC.
[bookmark: _Toc509414818]7.0 AWJC vs. BLANKING
Due to overwhelming advantages of AWJC over blanking (see 5.1.3 DISADVATAGES OF BLANKING) a company aiming to modernize the manufacture of star washers can greatly improve productivity by switching to Abrasive Water Jet Cutting. The blanking method (die and punch assembly) can only produce one component at a time whereas the AWJC system can cut several metal sheets stacked together greatly improving productivity. When manufacturing engineers decide whether to use EDM or AWJC, surface finish and accuracy are the two main differentiating factors; if speed and versatility rather than accuracy is of more importance then AWJC is a better choice (Hashish, 2015)
[bookmark: _Toc509414819]8.0 HAZARDS TO ENVIRONMENT  (Koelsch, 2005)
As companies employ either traditional or non-traditional manufacturing systems, they must consider the impact to the environment as well as to the worker.
In EDM, proper disposing of filters must be done according to government regulations as some of the fines removed from the system may be hazardous and certified bodies must be handle these materials
In AWJC:
Disposing of the sludge (abrasive +water) must be done 
The abrasive, which is fine powder, must be distributed in a safe manner to avoid inhalation
Noise pollution from the jet cutting (130dB) and the pump 70dB, can cause long term hearing problems (noise can be minimized by cutting under water and workers can wear ear protectors)
Noise can also be reduced by isolating machine from the rest of the shop
[bookmark: _Toc509414820]9.0 SUMMARY
The development of AWJC has progressed immensely to improve its capability as an advanced manufacturing system. The principal setback in AWJC is in its inability to uniformly cut as the depth of the job increases. This is caused by the jetstream encountering numerous resistant forces thereby losing the momentum causing loss of speed and deflecting. This causes tapering at the bottom.
To remedy this, two methods can be used
· Increase the flow rate to achieve stiffer and sharper jets
· Use of adjustable nozzle. Software is now available that anticipates the jet behaviour in the cut and compensate accordingly. This is achieved by slowing down the cutting speed and tilting the nozzle in 2-D or 3-D geometry as necessary.
When this corrective system has been refined and honed to be more precise, the AWJC together with its capability to cut almost any material, maybe one of the best non-traditional manufacturing systems to date. 
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