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Introduction 

Modern advancements in technology have led to new methods and machinery being developed which can correct small defects, repair faults and apply coatings to improve surface finishes. These minor defects which would normally prevent a product from being used are now less of an issue and can be corrected, allowing the products to still be used/sold. These rejected parts are no longer required to be thrown away and can be repaired for a lesser cost than remaking the part completely, profiting the manufacturer greatly over time. 



[bookmark: _GoBack]Aims 

To describe the processes of friction stir welding and arc welding and the science behind both. Comparing the advantages and disadvantages of the two and looking into the applications for these processes and what opportunities would open up in the market if new technology was invested in by more manufacturer


Friction stir welding 

Friction sir welding is a solid-state joining process which uses friction from a rotational tool to generate heart that joins the materials. A solid-state joining process refers to a form of joining which involves no liquid or vapour and relies on pressure, sometimes with the aid of temperature. [1]
The tool has a central probe which persists from the bottom and fits between the two work pieces and the base of the tool rests on the surface of the two work pieces. A downward rotational force is then applied to the tool before traversing through the weld line. The main area of heat generation is under the shoulder of the tool as it moves along the seams that are being welded together, the temperature created causes the material to heat and soften. As the optimal temperature is reached the weld is formed, this is due to central probe rotating and mixing the two metals particles. This is where the term friction stir welding comes from, as the probe is stirring the softened metals which fuses them together. Friction stir welding is thought of as a cost saving welding process due to its lack of a need for consumables, but also due to it being able to complete a weld in most cases one pass over, if not in two passes over the joint, even in thick materials. [2]

[image: ]Figure 1 	[6]




















Advantages of friction stir welding:

The advantages of friction stir welding stem from its unique form of welding where there is no shielding element or consumables needed. [2]
· This process allows you to join materials that are difficult to weld through more traditional methods. For example, magnesium and copper are difficult to fusion weld. 
· The process is able to be automated and can be adapted for robots to use.
· Equipment can be specifically made for this purpose or existing tools can be modified to perform the process.
· There is low distortion throughout long welds
· Very good mechanical properties after welding, including fatigue, tensile strength and bend testing.
· One tool can be used for around 1000m of weld length 
· It is an energy efficient process 
· No filler wire is required as the two materials are fused together through friction
· No gas is required to shield when welding aluminium as there is no need to prevent exposure of molten weld to oxygen as there is no molten weld
· Can weld materials such as aluminium and copper from 1.2mm to 75mm thickness in one go
· There is no risk of getting hurt 

Disadvantages of friction stir welding: [4]
· The point of the tool which stirs the molten metal, leaves an unfilled groove after the weld is complete
· A large force is needed to get the probe to insert into the metal
· This is a time-consuming welding process
· Large industrial clamps are required to hold the work pieces in place during welding




Arc welding

Arc welding is another process of joining metals, using an electric arc. Arc welding uses electricity to produce enough heat to melt the metal which then fuses together when it cools. The temperature of the arc can reach up to 3,500 degrees Celsius at the tip and the power supplied can be AC or DC. The choice of which current depends on the electrode, material being welded amongst some other factors. The heat melts the metal work piece and the electrode, creating a molten weld pool. The weld pool solidifies as the electrode moves along the joint of the two metals and leaves a fusion bond. The arc can be guided down the weld line manually or mechanically while the electrode can either be a rod which simply carries the current between the tip of the electrode and the work, or it can be an alternate specially prepared wire which can conduct the current but also melts itself and supplies a filler metal to the weld. The second method is more frequently used in the manufacture of steel products. 
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A shielding gas is needed in arc welding. This is to reduce the amount of molten metal coming in contact with the air as it can cause a chemical reaction between the oxygen and nitrogen when heated to such high temperatures. Oxides and nitrides forming in the molten metal can make the weld much less strong. The shielding gas will prevent exposure to the air at the point of the weld, whereas the slag protects the freshly welded metal. Once the molten metals cool, they solidify and fuse together. [5]

There are several different methods of arc welding, each have their own unique benefits but stem from the same method of using an electrical arc to heat and weld. 
Flux cored arc welding uses flux filled electrode which shields the arc from the air, this is a good welding process for thick sections of metal that are over 3cm thick due to a higher weld to metal deposition.
Gas metal arc welding is a form of welding where a gas like argon or helium is used to shield the weld along with deoxidisers which prevent oxygen from reaching the weld, this makes for a better weld with several layers. This process can be beneficial for welding thin sheets of metal and is simple, economical and easy to automate. [5]
Gas tungsten arc welding is one of the more difficult welding methods, which would require a higher skilled welder to perform. The same gasses are used to shield the weld and a filler wire can be molten down to add to the weld if it is needed. There is no slag produced by this method, making it a tidier method and excellent for welds which need to look appealing.
Plasma arc welding is another variation of this joining method, where ionised gases along with electrodes, create a hot plasma jet which is aimed at the area being welded. As this jet is exceedingly hot, it melts and fuses the metals together. This process is good for deep welds and in cases where high welding speeds are required. [5]




Advantages of arc welding: [7]


· Arc welding is a cost-effective joining process, due to it being an electrical welding process and not requiring the use of gas. Also, the equipment used is very affordable and reasonably priced 
· Applicable for high speed welding
· A smooth weld can be achieved
· Easily transportable as there is not much equipment needed, meaning it can be done in a variety of different locations, as long as there is an electrical supply
· Can be performed on dirty metal 


Disadvantages of arc welding:

· Arc welding can be difficult to use on some thin metals
· Low efficiency, there is usually more waste produced than in other welding methods
· Skilled welders are required to perform this
· Arc welding cannot be used for reactive metals, such as aluminium and titanium 





Applications for arc welding 


The automotive industry uses arc welding for applications such as bonding heat shields, joining exhaust systems and mounting hydraulic brake lines to chassis. More basic uses for this method are appliances like chairs, desks, filing cabinets and shelves in an office. Or, radiators, ventilation systems and air conditioning units. [8]
Welding is the traditional method for building ships and has been used since the beginning of the industrial age. It ensures for watertight seals on metal components as well as on the shell of ships which is a necessity, as well as attaching fluid lines and mounting other components which are required to make a ship safe for the waters. [6]
Plasma arc welding is a form of arc welding which was traditionally made to weld thin 0.1mm sheets of metal and mesh sections, in this form of arc welding the arc is needle thin and stiff, which minimises distortion in the weld.  [9]






Applications for friction stir welding 


Friction stir welding is a relatively new method of welding that has many applications worldwide. The railway industry uses friction stir welding for the production of premanufactured aluminium panels. The aerospace industry, large satellite launching vehicles are produced using friction. Stir welding from. High strength aluminium alloys as well as lightweight structures for the frames of both commercial and military aircrafts. In the automotive industry, this method of welding is being used to make components which need to be manufactured on a high-volume production line, some examples of these components are light weight alloy wheels and fuel tanks, amongst many other parts. In the ship building industry friction stir welding was first used as a method of manufacturing hollow panels made from aluminium used for freezing fish on boats. This method was chosen due to its low distortion and ability to be reproduced. 
Wide aluminium panels are also produced by this joining method and are used for high-speed ferry boats. These panels are made by joining extrusions, these are made in an extrusion press. This method of welding leaves in low distortion in the weld, reduces the thermal stresses and results in high strength along the weld line compared to some other welding methods. [11]













Comparison


An advantage of friction stir welding compared to arc welding is that it can be used to join reactive metals, that are usually hard to weld through traditional methods, for example materials like aluminium and titanium cannot be arc welded. However, can be joined through a friction stir welding process.
The initial cost of the machinery for friction stir welding is high compared to the cost-effective components needed for arc welding, it is also a portable welding process making it easy to weld metals in awkward positions, unlike friction stir welding.
Arc welding is applicable and efficient for high speed welding whereas friction stir welding is time consuming and less flexible. However, although it is able to perform higher speed welds, there is much more risk involved and requires a highly skilled welder, unlike friction stir which can be automated and has little to no safety risks.

If companies were to invest in machinery for friction stir welding, they would have the ability to manufacture metal parts. Such as, ship hulls or aircraft chassis with smooth, highly strong, appealing welds. As well as being able to use reactive materials for certain applications that may require this, such as aluminium or titanium, which are extremely strong and lightweight metals, that would benefit a lot of components by replacing steel. 
Companies would also benefit by investing in arc welding to manufacture parts due to its cost efficiency, high welding speed and low spatter. These factors would allow for smooth welds to be made in manufactured parts, on a fast time scale, without the need of purchasing expensive friction stir welding equipment. 



Conclusion 


To conclude, there are many different, new technologies when it comes to welding. Each having its own benefits and drawbacks, some are more effective for thin sheet metal, some are better at welding thick, narrow pieces of metal. Friction stir welding is a neat and effective way to weld and is useful when it comes to welding reactive metals. However, the machinery is expensive and requires extra components like heavy duty clamps to hold the work piece in place. Arc welding is useful when it comes to needing a cost efficient, high speed weld with the added advantage of it being reasonably portable. There are many types of arc welding which are also beneficial in their own way and have slightly different features. 
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