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1.0. [bookmark: _Toc509084237]Introduction

Non-traditional/non-conventional machining refers to a group of processes that remove material using techniques involving thermal, electrical or chemical energy, opposed to sharp cutting tools used in alternative traditional/conventional processes (Pal, 2018).
The principle purpose of this report is to critically evaluate an existing traditional pressing manufacturing process, before providing an appropriate non-traditional alternative. Specifically applied to the production of fastenings, fixings and springs, potential manufacturing technologies will be discussed and compared to determine their suitability before providing a final solution.
The evaluation and comparison process permits the ability to logically attain a solution by categorically focusing on the component’s quality, financial impact and implementation procedure.
1.1. [bookmark: _Toc509084238]Assumptions

In order to progress affectively and provide a potential alternative manufacturing process, a number of assumptions have been highlighted below. 
· The fastening and fixtures are manufactured from sheet steel.
· The components are mass produced.
· Expansion of the company refers to increased production volume.













2.0. [bookmark: _Toc509084239]Current Process
[bookmark: _Toc509084240]2.1. Traditional Pressing 

[image: E:\Year 3\Advanced Processes & Materials\Report\Images\Fixings.jpg]Also referred to as stamping, traditional pressing is the process of forming, drawing, trimming, blanking or piercing flat sheet metal in to a predetermined net shape, to produce thin walled components such as the fastenings and fixings pictured in figure 2.1.1. (Engineering.com, 2006). Bending and shearing are the two predominant functions performed by punches and dies that are mounted on mechanical or hydraulic presses (Kumar Gupta et al., 2018). 
Mechanical presses utilise a flywheel that works continuously to store energy. When necessary, the flywheel is engaged using a clutch to transfer energy and perform a press stroke. Hydraulic presses use hydraulic fluid that is pumped to a cylinder via a motor, to drive the punch and die on the press (Aida.co.jp, 2018). 
In both cases the die determines the final shape and quality of the component, so it an essential part of the pressing process. Consisting of a top and bottom part (male and female), the tools work in opposition to form and punch holes in the metal, to create a predetermined shape. The upper half of the die is mounted on the press ram which delivers the stroke action towards the lower half, attached to a bolster plate below (SME, 2018). [bookmark: _Toc509083637][bookmark: _Toc509083597]Figure 2.1.1: Fastenings & Fixings (Alexander, R., 2018).


[bookmark: _Toc509083638]Figure 2.1.1: Fastenings & Fixings (Alexander, R., 2018).


[image: http://nptel.ac.in/courses/112107144/Metal%20Forming%20&%20Powder%20metallurgy/lecture8/image/fig%202.jpg]Figure 2.2.2 annotates the components generally used in a piercing or blanking die. 
[bookmark: _Toc509083639]Figure 2.2.2: Traditional Pressing Tool Setup (Roorkee, 2009).
Mechanical presses deliver very fast and efficient press strokes, so are commonly used for large run sizes. Hydraulic presses have better forming and drawing capabilities, resulting in improved performance for low volume production (Cattell, 2018). It is assumed that a mass production mechanical press is used by the customer in this study.


[bookmark: _Toc509084241]2.2. Benefits

The following section details the advantages of implementing the pressing process for mass production manufacturing. The advantages are specifically applied to the production of the fastenings and fixings discussed in section 2.1.
· High press stroke speed allows very fast production of precision components at low processing time (up to around 800 parts per minute).
· Producing high volume parts in a short period of time results in minimal price per part and the improvement of financial efficiency as production levels increase. 
· Good automation ability, further improving financial efficiency by eliminating the need for a manual operating technician.
· Hard tooling die designs limit degradation in high volume runs, maintaining good part quality and high repeatability. 
· Complex geometries and intricate designs can be repeatedly manufactured with very tight tolerances.
(P&G Steel Products Co., 2018), (Creighton, 2018), (CES EduPack, 2015).
[bookmark: _Toc509084242]2.3. Drawbacks

Despite being a very fast, efficient and cost effective process, metal pressing has a number of disadvantages that have been highlighted below. 
· Upfront tooling cost can be high, making it financially infeasible for short production runs.
· Development of hard tooling results in longer lead times and further financial drawbacks are incurred if design changes are made. 
· Inflexible tooling makes it difficult to make design changes while the manufacturing process is already underway.
· If the die develops defects and part quality is adversely affected, it is very time consuming and expensive to replace/repair the damaged component.
(Swift Metal Services, 2018), (CES EduPack, 2015).
[bookmark: _Toc509084243]2.4. Suitability for Application

Highlighting the advantages and disadvantages of utilising a traditional metal pressing process, provides sufficient information to understand its ability to mass produce the aforementioned fastenings and fixtures.
The predominant benefit and primary requirement of the process is to quickly produce high volume, good quality parts at low cost. High repeatability, fast press stroke and opportunity for automation, all contribute to minimising the overall cost of each component. Further price per part reductions are achievable when production volume increases, further supporting it’s suitability as the company aspires to expand. 
The fastenings and fixings have a somewhat simple design, with the absence of intricate geometry that allows production to be achieved, using a relatively low cost die. Despite having high upfront and implementation costs, pressing is an extremely advantageous and profitable process, if the company intends to repeatedly manufacture the same component for a long period of time.

3.0. [bookmark: _Toc509084244]Non-Traditional Alternatives

In some cases, traditional machining techniques are unsatisfactory or uneconomical and as a result, there is demand for non-traditional alternatives. When the work piece material has superior strength properties or the part geometry is complex, traditional methods of material removal are often replaced using thermal, electrical or chemical energy processes (Singh, 2018).
[bookmark: _Toc509084245]3.1. Electrical Discharge Machining (EDM)

Electrical discharge machining (EDM) utilises thermoelectric technology to erode material from the work piece by pulsing electrical energy, in the form of sparks, between the work piece and an electrode. Using electrical energy dismisses the issue of relying on hard tooling to remove material and create a desired shape. This means that material hardness is not a dominating factor for the EDM manufacturing process.
[image: F:\Year 3\Advanced Processes & Materials\Report\Images\EDM Schematic.PNG]Figure 3.1.1. Exhibits a schematic of a typical dielectric fluid EDM setup. 










[bookmark: _Toc509083640]	Figure 3.1.1: Schematic of EDM (NITC, 2018)	
The schematic shows both the tool and work piece immersed in dielectric fluid that acts as a semiconductor between the electrode and workpiece. As well as facilitating a stable and controlled environment for the spark gap, the fluid also acts as a flushing agent to wash eroded material from the spark gap area (Canadian Metal Working, 2013).
An electrical current, normally stored in a capacitor bank, is discharged across the small gap between the tool and workpiece, typically in the order of 50volts/10 amps. The tool and the work piece act as the cathode and anode respectively, to create intense heat energy (8000 – 12000oC), in the form of a visible spark to erode material and create a desired shape (Xactedm.com, 2018).



[bookmark: _Toc509084246]3.1.1. Benefits 

The following section highlights the advantages of using the EDM process over traditional machine tools. 
· Materials of any hardness can be machined to very tight tolerances (+/-0.005mm). 
· Ability to manufacture thin/brittle parts with thin walled configurations, without distortion. 
· The process is force and contact free, so it is good for delicate or fragile parts that cannot take the stress of traditional processes. 
· A good surface finish can be obtained, removing the need for secondary machining, including polishing.
· It is a burr-free automated process.
(Ho and Newman, 2003), (Krar, 2018), (CES EduPack, 2015).
[bookmark: _Toc509084247]3.1.2. Drawbacks

Despite being a very accurate process with potential to machine extremely hard and exotic materials, a number of EDM disadvantages have been discussed below.
· Material is removed at a relatively slow rate compared to some conventional processes.
· The process is only employable for work pieces made of electrically conductive material.
· Surface finish often deteriorates when material removal is at a high rate.
· High power consumption and prolonged processing time results in the incurrence of additional costs.
· Repeatability is limited, specifically when reproducing sharp corners, due to electrode wear. 
(Mechanical Booster, 2018), (CES EduPack, 2015).
[bookmark: _Toc509084248]3.1.3. Suitability for Application

The primary benefit of implementing an EDM process, is the ability to machine extremely hard materials. It is possible to machine materials that have been heat-treated to full hardness, eradicating issues such as dimensional variability as a result of post-treatment. Components with complex, delicate and irregular geometries can be machined to a very tight tolerance and high quality, making it beneficial for low volume aerospace and medical applications. 
EDM has good automation ability but due to the slow removal of material it is not a cost effective process for mass produced components. High power consumption and upfront costs, give rise to the unnecessary increase in price per part of the fastenings and fixtures discussed in section 2.1. Mass producing a component, of which strength is not the primary concern, is financially infeasible for company expansion.
EDM is better applied to low-volume runs of precision parts, made from hard materials. Applications generally include the production of strong aerospace components with tight tolerances, dies and moulds made from hardened steel and small-hole drilling.     



[bookmark: _Toc509084249]3.2. Laser-Beam Machining (LBM)

Laser beam machining (LBM) is a non-contact advanced machining process that utilises thermal material-removal, through the application of a high energy light beam. Focusing high optical energy on to a work piece displaces material as a result of three key mechanism: melting, vaporization and chemical degradation. Upon contact with the work surface, the laser’s thermal energy is absorbed, heating it to the point of transformation in to a molten, vaporized or chemically changed state (Kumar Dubey and Yadava, 2008a).
[image: E:\Year 3\Advanced Processes & Materials\Report\Images\LBM Schematic.jpg]Figure 3.2.1. Annotates the main components of a Nd:YAG LBM setup. 
[bookmark: _Toc509083641]Figure 3.2.1: Schematic of LBM (Kumar Dubey and Yadava, 2008a).
To generate a laser beam and begin the cutting process, the discharge tube is filled with gas, before the power supply is initiated and the flash lamp creates light energy. Gaseous atoms absorb the energy, forcing electrons to move from ground state to a higher energy level, before quickly returning and emitting a photon (Dubey and Yadava, 2008b). 
When a photon stimulates an already excited atom, the atom emits another photon of light. This amplification is called stimulated emission and the fundamental of a laser. Repeatedly reflected between the front and rear of the discharge tube, some photons escape due to the partial reflective nature of the front mirror. A very concentrated beam of laser light is created by the escaping photons and collected by the focusing lens to be directed at the work piece and cut material (Woodford, 2017).  
Nd:YAG and CO2, are the most widely used laser beam cutting systems. CO2 lasers experience a wave length within the infrared region (10μm) to deliver high average beam power, good efficiency and high beam quality. 
Nd:YAG lasers have lower beam power but high peak powers are experienced when operating in pulse mode. The laser’s versatility allows the machining of both thick and thin materials through the adjustment of pulse duration (shorter for thinner material). A shorter wavelength (1μm) permits absorption by highly reflective materials, which are problematic for CO2 lasers (Basicmech, 2015).


[bookmark: _Toc509084250]3.2.1. Benefits

The following section highlights the advantages of using the LBM process over traditional machine tools.
· Contactless process dismisses tool wear and allows fragile materials to be cut without support.
· Initial setup parameters allow easy beam configuration and control over the exposed area.
· High precision, working within tight tolerances, potentially in areas that are difficult to reach. 
· Highly flexible as the laser moves in any cutting path direction. 
· Able to cut extremely hard materials.
· Good surface finish, limiting the need for secondary machining.
(Basicmech, 2015), (CES EduPack, 2015).
[bookmark: _Toc509084251]3.2.2. Drawbacks 

Despite being an extremely accurate and versatile process, some LBM disadvantages have been highlighted below. 
· Initial financial investment is very high and lifespan of the flash lamp is short, resulting in high maintenance and increased overall costs. 
· Due to maintenance costs and limited life of the flash lamp, it is uneconomical to employ for high volume runs. 
· Due to the hazardous nature of lasers, an extensive safety procedure must be strictly followed.
· Requires highly skilled operators, further increasing capital investment
(Woodford, 2017), (Engineering Arena, 2018), (CES EduPack, 2015).
[bookmark: _Toc509084252]3.2.3. Suitability for Application

LBM is generally used to machine both metallic and non-metallic materials, specifically in the electronic and automotive industries to machine extremely accurate components. This technology is more than capable of producing good quality fixtures and fastenings but it is better to low volume production, appose to mass production. 
With respect to the company’s expansion, multiple laser cutting machines would be needed to meet production requirements, resulting in substantial initial capital investment that would govern an increase in price per part. Further costs would be acquired through the publication of a mandatory safety procedure, increased maintenance requirements and purchasing replacement parts.
Many of the process’s advantages would not be fully employed in the production of the previously mentioned fastenings and fixtures. As the components have relatively simple geometry and material hardness is not a primary concern, substantial investment in to such an advanced system would be infeasible and unnecessary. 




4.0. [bookmark: _Toc509084253]Recommendations

Comparing and contrasting the aforementioned processes, permits the selection of a suitable system that feasibly manufactures, good quality parts on a mass scale. Analysing the benefits and drawbacks of each system provides a good understanding of how implementing a new process, would impact the company.
The first non-traditional machining alternative, electrical discharge machining, is capable of producing high quality components but at a slow pace. As the components are produced at high volume, it would be difficult to meet production requirements using this process, as well as high power consumption increasing costs. If the company acquired custom for similar components with superior strength properties, strategic employment of this process could be profitable, but at the moment it is not.
Much like electrical discharge machining, laser beam machining is an advanced process with the ability to produce high quality parts with extremely complex geometries. Again, machinery and implementation costs are very high, forcing an increase in price per part for components that have minimal retail price in order to remain competitive on the market. The process also requires the introduction of highly skilled operators and a strict safety procedure that may cause upset and resistance among employees.
Metal pressing, the traditional process currently used by the customer, produces good quality fixtures and fastenings at a fast rate. Upon comparison, it is clear that this process is the most suitable of three as it is able to repeatedly produce a high volume of good quality parts at a minimal price. As production volume increases, profitable margin increases, which is a primary aim for the manufacturer. 
Despite having high upfront costs, little maintenance is required and financial savings would be attained as production would not be disrupted during an unnecessary transition. Introducing a non-traditional process would increase price per part, disrupt an affective workforce and require a full review of the company’s business strategy. It is recommended that traditional pressing remains the predominant process and further tooling is introduced, when necessary, during expansion.  

5.0. [bookmark: _Toc509084254]Conclusion

The company’s current traditional manufacturing process has been comprehensively evaluated and compared to two potential non-traditional alternatives, to understand the impact of implementing an advanced process. Specific attention was concentrated on component quality, financial impact and implementation procedure of each process before an appropriate system was selected.
Pressing, electrical discharge machining and laser beam machining were evaluated to understand the benefits, drawbacks and suitability to manufacturing the previously mentioned fastenings and fixtures. Both EDM and LBM were capable of manufacturing the components, but pressing remained the most financially feasible. 
It was recommended that the manufacturer does not employ a non-traditional alternative, as it would be of no benefit and could result in financial issues. Alternatively, if the company would like to expand, upgrading their current pressing system is the most feasible option.  
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