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[bookmark: _Toc466544921][bookmark: _Toc466545372][bookmark: _Toc26539203]Introduction
Manufacturing companies across the world produce products that have small defects. These defects tend to lead to the manufacturer to scrap the product. However, with new methods to help correct any small defects such as cracks. The two methods that will be explored are friction stir welding and arc welding. These processes will be described during this assignment. The science behind each of the methods will be looked at. A comparison between the two processes will be done. The comparison will also look at the differences within friction stir welding and arc welding. The advantages and disadvantages with both process methods will be look at as well as the application that each of the processes can be applied too. The market opportunities that would be opened if a manufacturer decided to invest in one of these methods. A conclusion will be given at the end of this report giving the findings to my report. 
[bookmark: _Toc466544924][bookmark: _Toc466545375][bookmark: _Toc26539204]Background research
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Friction stir welding (FSW) is the combined process of frictional heating and mechanical deformation due to a rotating tool [1]. A cylindrical shouldered joint with a defined profiled pin is placed into the joint line [1]. Heat is created by friction through the rotating-translating tool and the shoulder of which rubs against the work piece [1]. Plates are then clamped down tightly with a backing bar. This is below the weld line [1]. The parameters that control FSW are downward force, transverse force, RPM and the material that is being welded. The factors within the material that affect the FSW are thermal conductivity and friction [1].;how the Friction stir welder is set up is important in how it will perform on the material. The set up for the FSW is as follows, the pin is forced into the plates and the joint until it makes contact with the plate surface [1]. A downward forging pressure from the shoulder helps prevent softening of the material; this also adds friction. Then plasticises a cylindrical metal column around the pin and the material directly below the shoulder [1]. As the tool continues to move forward the material is forced to flow from the top edge to the bottom edge of the tool [1]. The figure below shows all the aspects of FSW and how the weld is created.
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[bookmark: _Toc26539206]Arc welding 
Arc welding is the process of using an electric arc; this will create heat to melt the joints of the metal [2]. This is done through a welding machine where there are two cables connected to the machine, one electrode cable this is connected to the gun used to make the weld [2],the other cable is called the work cable, this cable is connected to the work piece [2]. There are two types of welding machines, these are direct current (DC) and the second is the Alternating Current (AC). There are two different types of arc welding: consumable and non-consumable, consumable arc welding consists of Metal Inert Gas welding (MIG) and Metal Active Gas Welding (MAG), these are quite similar processes, Shielded Metal Arc Welding (SMAW), Flux Cored Arc Welding (FCAW), Submerged Arc Welding (SAW), Electro-Slag Welding (ESW) and Arc Stud Welding (SW). The second type of arc welding is non-consumable, this type of arc welding is split into two forms Plasma Arc Welding (PAW) and Tungsten Inert Gas Welding (TIG). However, for my focus of this assignment I will be on MIG and MAG forms of arc welding. The difference between the two types of welding is the gases used in mixture [3]. MIG uses argon or helium, with oxygen, these can all be mixed with each other as well [3]. This type of welding is usually used on aluminium [3]. Whereas MAG uses a mixture of Argon and Carbon Dioxide [3]. This type of welding is usually used on steels [3].These together are called Gas Metal Arc Welding (GMAW). This process of GMAW is done by striking an arc between the base metal and a continuously supplied consumable electrode [4]. The figure below shows all the equipment needed to work an arc welder.  
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Advantages of FSW over arc welding is that it has a higher quality of weld, this is measured due to the lack of solidification cracking, porosity and oxidation. There is no need to shield away any gasses compare to traditional welding [1]. There is less stress and distortion on FSW, there is no melting of materials being welded. There is no need for a process after the initial welding process [5], Which saves time to complete the job [5]. The process can be fully automated saving a lot of time within the welding process allowing the ability to weld several pieces without human input except for the setup of the machine [5]. Whereas with traditional welding process would have to do all the welding by hand, which would be significantly less efficient than FSW. Different alloys are traditional more difficult to join together, however, with FSW the process is often easier than traditional methods [6].
[bookmark: _Toc26539209]Disadvantages 
There are several disadvantages to FSW: the first problem faced with using FSW is the high cost of equipment and tooling [5], as the tool exist the piece it leaves a hole that unfilled and can be exploited as a weak spot of the weld [7]. Heavy clamping setup has to be implemented onto the piece combined with a large force to hold the piece down and prevent from moving during the process [7]. The flexibility of FSW is less than other processes such as arc welding [7].
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GMAW is one of the most common forms of arc welding as it is low cost for equipment, as well, as, a low cost in consumables [8]. GMAW does not contain much spatter as long as the settings are set up correctly. GMAW is also a slag-less practice, therefore, there is no need to use a chipping process to clear the slag [8]. There is a low skill factor in working with GMAW welding torch [8]; high productivity with workers due to the easy use of welder [8]. May different metals can be welded with GMAW this includes copper, stainless steel, mild steel, aluminium, and many more [8].
[bookmark: _Toc26539212]Disadvantages 
GMAW can only handle moderate levels of contamination of the part such as rust [8].There a limitations with regards to the positions [8]; for example, the weld cannot done from below due to how he weld is set, creating a lack of fusion [8]. The weld for GMAW is low quality compared to FSW [1].
[bookmark: _Toc26539213]Comparisons 
The two processes are very different and would be used in different applications, however, there is a certain way that they can be compared. Firstly, the price, GMAW tends to be much cheaper than FSW, this is the main use of GMAW, GMAW has, much lower equipment cost. However, this does come to defect of quality, FSW has a much better-quality finish and tends to have better strength than GMAW. This shows by the applications that FSW welding is used for, such as the aerospace industry. In this industry it is important that the weld lasts through stresses and strains, whereas, GMAW is mainly used in industries where it is less important to have a clean finish and where the stresses would be less significant, for example pipes and reinforcement and repairing buildings. With GAMW there is complications with angles and the ability to weld if fusion is not made between the two parts; this is especially prominent when welding above with GMAW.  However, FSW welding is not better with its lack of flexibility and ability to weld at angles, other forms of arc welding are much better than both of these processes. FSW welding can be fully automated once set up and work at a higher rate than other forms of welding. This is compared to MIG and MAG welding which both require workers, however, the skill level is low to work a GMAW machine. This does tend to produce a high productivity rate for the workers, additionally, this does not quite reach the productivity level of FSW however is better than most processes. 
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FSW is used for many applications, which include shipping industry where FSW welding is used to weld large parts of the ship together [7]. It is also used the he aviation and aerospace industry to weld wings onto planes and rockets. It is used in the automotive industry to weld parts together [7].
[bookmark: _Toc26539216]GMAW 
Applications that GMAW is currently used include automotive industry, repairing and rebuilding equipment, pipes can be used to reinforce surfaces of won tracks [9]. Within the automotive industry GMAW can repair a number of different vehicles [9], these are mainly the internal joints within the car.  
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There is a promising future within FSW: there are several industries where FSW is excelling, this is especially true within the aerospace and automotive industry [6].  Within aerospace companies, such as, Airbus and Boeing, FSW is now a certified process. Some of the components that use FSW within the aerospace industry include: wings, fuselages, tail unit of aircrafts, cryogenic fuel tanks of space ships, fuel tanks for aircrafts [10]. There is currently a lot of research into the development of FSW within Boeing and Airbus in how to improve and use FSW within the aerospace industry [6]. All aluminium components of a car can be FSW  with large goods vehicles, such as, lorries and vans the process can even become easier due to how long the vehicle is and allow a wider application for FSW [6]. Ford use FSW to increase the rigidity of the chassis [11]; this shows that in the future FSW will be used to boost the strength and rigidity of a throughout the car. Volvo have used an FSW machine with two welding heads for welding hollow aluminium extrusions from both sides simultaneously, to produce foldable rear seats [11]. This shows that FSW can be used through the whole car and may be adapted in the future for sections of the whole car.
[bookmark: _Toc26539219]Arc welding
Arc welding has been around in some form since the 1800s [12], these days there are several different sub sections that come under arc welding. Arc welding will be a very important within the oil and gas industry as it is used to repair rigs, and this will continue for the foreseeable future. This is only going to grow in emerging markets, such as, the Asia pacific region [13]; there will only be growth in the amount of use of arc welding. Another two regions that will experience growth in arc welding is the Middle East and Africa, this will be down to urbanisation of the regions as, well as, the increased output of raw materials within these Regions [13]. In the Middle East it is oil and gas market where arc welding will be needed, the same as the Asia pacific, however, with mass construction currently being made in Middle Eastern countries. Where arc welding is extremely important for the strength of the building; this is the same in Africa. As the region is growing, mass construction and urbanisation is needed. This will also increase due to the abundance of resources in the Region. 
[bookmark: _Toc26539220]Conclusion 
Friction stir welding and arc welding both have their advantages and disadvantages. Whether one should be chosen over the other is all down to the application. If the weld needs a high finish and high strength component, then friction stir welding is probably the way forward. However, if quality of the finish and there is a minimum amount of stress on the component arc welding should be your first choice. Within industry both have their place: arc welding suits cheap and low-quality weld where they are needed, whereas, FSW suits an application where the weld needs to be stronger; both need to be considered dependant on the application. 
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