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[bookmark: _Toc26821550]Introduction
The purpose of this report is to select two advanced engineering processes from a selection and then compare and contrast those processes.  Firstly, when making the selection, the type of process and its outcomes should be considered.  The processes used for comparison should have similarities in order to accurately analyse them and conclude which is more suitable for a function.  The report will consider the processes and their backgrounds, the science that has made them possible and their potential future prospects.  The processes selected for this study are, Friction Stir Welding (hereafter known as FSW) and Arc Welding, mainly due to the aforementioned reasoning, they are similar processes that are easily comparable.  Furthermore, the arc welding research will concentrate more upon Metal Inert Gas arc welding (hereafter known as MIG welding), this is due to the fact that there are many types of arc welding and this is the most widely used.
Welding and joining processes are essential to all aspects of engineering applications, from microelectronics up to bridge building and more.  The selected processes above are actually defined as two different types of welding processes, one being fusion based welding (MIG) and the other pressure-based welding (FSW). 
 Fusion welding is defined as “A union between two pieces of metal rendered plastic or liquid by heat or pressure or both. A filler metal with a melting temperature of the same order as that of the parent metal may or may not be used”.  [1]
Pressure welding is defined as “A localized coalescence of metals or non-metals produced either by heating the materials to the welding temperature, with or without the application of pressure, or by the application of pressure alone, with or without the use of a filler metal”.  [1]
The main aim of this report will be to quantify the performance of these processes and comment upon them in a suitable manner.
This report assumes the reader has a moderate level of engineering knowledge.  
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[bookmark: _Toc26821552]Friction Stir Welding
FSW is a relatively new process, it was invented in December 1991 by The Welding Institute (TWI).  The TWI is an independent research and technology organisation within the engineering industry, based just south of Cambridge.  The TWI created a development project "Development of the New Friction Stir Technique for Welding Aluminium," in 1992 to further research this technology.  The project had three phases, phase one proved that FSW was a realistic and practical welding technique, whilst also proving that 6000 series aluminium alloys could be used in the process.  Phase two successfully used aerospace and ship building aluminium’s, 2000 and 5000 series.  Also setting process parameter tolerances, metallurgic characteristics and mechanical properties in accordance with this process.  Phase three provided all the data needed for further industrialisation.
FSW has been in popular use since around 1996.  [2]
[image: Schematic Illustration of Friction Stir Welding Process ]
[bookmark: _Toc26821564]Figure 1 FSW [3]
The main driving force behind the development of FSW is the difficulties faced in the past when trying to weld aluminium alloys using traditional arc fusion techniques.  FSW is a solid-state welding process, the weld is provided by a compressive force being applied to the interface while also rotating and moving along the interface.  The heat comes from the friction generated between the tool and the welded materials.  Due to the fact that melting does not occur within FSW, as the joining happens below the melting point of the material, a high-quality weld is created.  A penetration depth of around 80-90% of the welded material usually produces consistently high-quality welds.  Due to the lack of high input heat, there are few ill effects that would normally be associated with traditional welding techniques, such as distortion and solidification defects.  SFW is highly efficient, produces no fumes and uses no filler materials, all this adds up to an environmentally friendly process.  [2]
[bookmark: _Toc26821553]MIG Welding
The major precursor to modern welding processes was the invention of the electric arc by Humphry Davy in 1800.  MIG Welding was first patented in the USA in 1949 as an aluminium welding process.  The Batelle Memorial Institute filed the first patents, this early type of MIG welding used an electrode with a smaller diameter than their modern counterparts, used a constant power supply, had a high deposition rate and used an axial spray metal transfer method.  They also used argon as the shielding gas which discounted the process from being used with steel as this garnered far too high cost.  
[image: ]
[bookmark: _Toc26821565]Figure 2 MIG Welding diagram [1]
Modern MIG welding uses the heat generated from an electric arc to fuse the joint area.  The arc is formed between the tip of a consumable, filler wire and the workpiece that is to be fused.  The arc is shielded by an inert gas to protect from defects that occur in the welding process due to reactions with gasses such as oxygen, nitrogen and hydrogen contained within the air.  This exposure can lead to excessive porosity in the weld or excessive spatter.  The current gasses in common use during the MIG welding process are argon, CO2, mixtures of argon and CO2 and also argon mixtures containing oxygen.  The gasses used vary depending on the metal that is being fused.  The gas also greatly affects the penetration of the weld.  With a higher CO2 concentration, a greater penetration depth is achieved.  And with a mix of CO2 and helium you can achieve a wider and shallower penetration depth.  The penetration level is dependant on the job, in some cases a 100% penetration depth is called for and in others a very small depth is required. 
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[bookmark: _Toc26821555]Cost Analysis
As with most industries cost is usually a major driving force for any new technologies, with the notable exception of aerospace.  Aerospace usually forgoes cost for performance as the environment accepts zero mistakes.  When making these comparisons the overheads involved have been ignored, such as labour, Rent and rates or capital.  Only the direct costs have been taken into account, so that a viable comparison can be made.
[bookmark: _Toc26821556]MIG Welding
Firstly, the filler wire will be considered.
Costs of Aluminium filler wire range between £40 and £56 per a 6KG reel dependant on the grade.  Copper costs between £230 and £550 for a 12.5KG reel.  Steel costs between £40 and £333.99 for a 15KG reel.  For the sake of this cost we will use an average of these figures.
Aluminium = £48/6 = £8 per KG
Copper = £390/12.5 = £31.20 per KG
Steel = £187/15 = £12.47 per KG [4]
According to the TWI, the multiplication factor for calculating filler costs for MIG welding is a factor of 1.05 per weight of welded material, this factor accounts for wastage in the feeder when the reel runs out.  For the sake of simplicity, I will assume a 1KG of filler is needed per 1m of welded material.  In reality this figure will increase or decrease according to the thickness of the material that is being welded.
Aluminium = £8 x 1.05 = £8.40 per metre
Copper = £31.20 x 1.05 = £32.76 per metre
Steel = £12.47 x 1.05 = £13.09 per metre
Next the gas should be considered.  
Argon Gas Costs £80 per 20 litres for varying grades
£80/20 = £4 per litre
Within industry the average gas tank is 10000 litres with an output of 12 to 15 litres per minute.
Therefore 13.5 litres per minute would cost £54 and then consider a duty cycle of 30% the cost per minute for argon gas would be £16.20
The gas cost in this comparison was based on a 20-litre tank, within industry this figure would greatly reduce when bulk buying is taken into account.
Considering a 3m per minute welding rate the total cost per metre for MIG welding would be £13.80 without labour.
[bookmark: _Toc26821557]FSW
There isn’t any credible costing data available for FSW but there are quotes stating that when companies have moved from MIG to FSW processes then the company has seen direct costs involved with production reduce by up to 60%.  That would mean a cost of £8.28 per metre of FSW should be fair.  Another aspect relating to this, is the fact that FSW is an automated process and therefore has no direct labour costs. [5]
[bookmark: _Toc26821558]Performance Analysis
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[bookmark: _Toc26821566]Figure 3 Ultimate Tensile strength of MIG Joint vs FSW Joint [6]
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[bookmark: _Toc26821567]Figure 4 Elongation Test [6]
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[bookmark: _Toc26821568]Figure 5 Stress test to failure [6]
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[bookmark: _Toc26821569]Figure 6 Impact Strength [6]
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[bookmark: _Toc26821570]Figure 7 Hardness Test [6]
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[bookmark: _Toc26821571]Figure 8 Distortion test [6]
All of the above tests were carried out using the same grade materials and carried out to experimental standards to retain continuity.  

[bookmark: _Toc26821559]Advantages and Disadvantages Comparison 
[bookmark: _Toc26821560]FSW Advantages in direct Comparison with MIG
· Good mechanical properties in the welded condition 
· Improved safety due to the absence of toxic fumes or the spatter of molten material
· No consumables - A threaded pin made of conventional tool steel, e.g. hardened H13, can weld over 1000m of aluminium 
· Can operate in all positions (horizontal, vertical, etc.), as there is no weld pool. 
· Generally good weld appearance and minimal thickness under/over-matching, thus reducing the need for expensive machining after welding. 
· Low environmental impact.
[bookmark: _Toc26821561]FSW Disadvantages in Direct Comparison with MIG 
· Exit hole left when tool is withdrawn. Though this can be mitigated with a runoff tab that is removed post process
· Large down forces required with heavy-duty clamping necessary to hold the plates together. 
· Less flexible than manual and arc processes (difficulties with thickness variations and non-linear welds). 
· Often slower traverse rate than some fusion welding techniques although this may be offset if fewer welding passes are required








[bookmark: _Toc26821562]Conclusion
Throughout this report, FSW has consistently outperformed MIG welding.  FSW has considerably lower running costs but with a higher setup cost.  During every performance test of the inherent weld joints, FSW beat MIG in every test as shown in Figures 3 through 8.  In the impact strength test FSW was even shown to have a higher result than the parent material.  The advantages outweigh the disadvantages in section four, and some disadvantages have been removed or offset, such as the exit hole can be mitigated by having a runoff tab or the slower traverse rate is offset due to fewer passes needed.  Does all this mean that MIG welding is a dead process?  MIG welding has a few strengths that FSW has yet to overcome, it can be rolled out to wherever is needed for repairs or upgrades and as such is more versatile.  It also has the ability to weld high strength steels, whereas FSW has only been tested with carbon steels and stainless steels, anything stronger and the tool wear is too great in comparison with the results.  The future of MIG welding may not be booming but for now its not dead.  As for the future prospects of FSW, with more research going into harder tools, such as carbide-based tools or polycrystalline cubic boron nitride-based tools then the future of FSW looks to be in ascension.
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