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[bookmark: _Toc157806046]Abstract
This paper demonstrates the many ways metals have been exploited and processes have therefore been introduced for our benefit. From advancement in the aerospace sector to the automotive industry, manufacturing processes have revolutionised the products we can create for our benefit. Three metal fabrication techniques have been chosen: forming operations, casting and miscellaneous with one processing technique described in each category. Each process described has benefit and drawbacks which are highlighted later in this paper. Also, each process suffers from different defects of different severities, affecting the surface appearance and the quality of the final product. These have been described and possible remedy methods have also been suggested to allow the product to be suitable for its end use.  You will gain an insight into the typical metals used in each process as well as the typical microstructure produced after processing. Furthermore, the ultimate tensile strength has also been provided showing the affect processing has had on the material.


[bookmark: _Toc157806048]Rolling
This is also a forming process where deformation will take place under a high force being applied between rolls. This can be done by two or more rotating rolls in which will be responsible for changing the shape of the material, reducing the thickness. There are two types of rolling: cold rolling is where the metal is below recrystallization temperature when rolling. Hot rolling is where the metal is above recrystallization temperature during the rolling (Shafi, 2023). The rolls must have uniform speed to reduce thickness, resulting in an increase of length. 
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Figure 1- Two high rolling mill (M, 2022)
[bookmark: _Toc157806049]Applications
Rolling is a great way to create steel sheets. Rods can also be made from this process as well as automotive parts Aswell.  Companies such as TATA Steel use this process, where the steel is run through a cold mill (five stand) which in simple terms is five sets of four high rolls. The backup rolls are driven, and this then causes the work rolls to turn. The work rolls are smaller and contact the strip whereas the backup rolls will cause the work rolls to turn. This massively reduces the gauge (thickness) of the steel to fit customer demands. Secondary work will be completed by automotive companies to shape the steel to the end purpose needs. 
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Figure 2- Four high rolling mill (M, 2022)
[bookmark: _Toc157806050]Advantages and disadvantages of rolling
One advantage to hot rolling is an improvement in mechanical properties. As the steel is ran above recrystallization temperatures new grains are formed. These mechanical properties can be manipulated to suit customer needs such as ductility and yield strength (Thorat, 2023). Also rolling is a very time efficient method as production can take place at very high speeds, it can also be made continuous in large manufacturing lines by using a looper. This can be horizontal or vertical and works by acting as suspension for a large line allowing it to be continuous (Shafi, 2023). An advantage of the cold rolling process is it can provide an aesthetically pleasing surface finish which adds versatility to the products produced as it’s not limited by its surface appearance. (Kafi, 2020).
There are also disadvantages to rolling. One disadvantage to cold rolling is a high amount of force is required to allow the strip to be pushed through the rolls (Kafi, 2020). Another disadvantage to cold rolling is it’s expensive. This is because when cold the steel is less malleable meaning more money is required to apply a greater force to the steel. Finally hot rolling can create a poor surface finish therefore secondary operations may be required to make the product more aesthetically pleasing (Shafi, 2023). For example, after being rolled TATA Steel will coat steel with zinc which will improve the surface quality and act as a sacrificial layer.
[bookmark: _Toc157806051]Typical microstructure produced from rolling
Hot rolling will affect the microstructure of the steel as it’s heated up beyond the recrystallization point and then the average grain size is reduced maintaining an equiaxed microstructure. The microstructure will be less uniform however the grains will be more prominent. When cold rolling defects are introduced to the microstructure of the steel which will allow it to be even harder and can also reduce the grain size. Cold rolling produces a more reined microstructure, and it will be more consistent as it’s been done at room temperature (Thorat, 2023). In figure 6 a and b show hot rolled microstructures, c and d show cold rolled microstructures.
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Figure 3- Steel microstructure post rolling
· Cold rolled steel has a greater ultimate tensile strength (UTS) than hot rolled steel
· Cold rolled steel has a tensile strength of 85,000 psi (586 MPa) and hot rolled steel has a tensile strength of 67,000 psi (462 MPa) making the UTS of cold rolled steel significantly greater as it’s work hardened when cold (Kinematics, 2018).
[bookmark: _Toc157806052]Common rolling defects and remedies
One defect that can occur in both hot and cold rolling is edge cracks. This can occur due to uneven rolling or uneven heating when hot rolling. This can be combatted by adjusting parameters such as speed, pressure or temperature when hot rolling. Also, wavy edges can occur in a series of ripples along the edge of the steel. Uneven pressure causes this. To resolve this the roll gap must be adjusted or speed if it is running too slow or fast. Another defect that can occur is buckling which is caused by uneven pressure unevenly deforming the material.  The rolling mills speed will need to be adjusted to resolve this and the steel must be aligned properly so that it is central when being processed (Medium, 2022).

Another common defect when cold rolling Is pinching. This creates a wrinkling feature and in the most severe cases it can cause a strip break. This occurs in product changes where the mill has not adjusted its parameters to a new specification, causing the strip to fold. Another common reason is uneven lubrication resulting in the friction coefficient locally increasing. Less reduction will take place and the entry speed will increase. This causes an open pinch as shown in figure 4. Furthermore, this also marks the roll resulting in a constant roll mark on the rest of the strip. To resolve this the roll affected must be identified by finding the pitch of the defect. This roll then must be changed as it’s now damaged and unsuitable for use. (Cometa, 2022)
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Figure 4- Open pinch defect (Cometa, 2022)
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When sand casting the most important parameters are the sand, the average grainsize, the grain distribution and the shape. The mold is made by forming a packed sand body around a prototype.  The mold requires features for gas venting, the molten material is simply poured in and then allowed to solidify (Xometry, 2023).
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Figure 5- Sand casting process (Xometry, 2023)
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The rapid growth of the aerospace sector has increased demand for suitable materials. These are required to be lightweight but be high strength and corrosion resistant. Aluminium-lithium alloys are the new direction for aerospace materials. Due to the low density, high strength and ideal elastic modulus this makes them an ideal material to be used in casting for the aerospace industry. Despite being an ancient method sand casting has been proven to be highly effective and beneficial as a great way to create parts for the aerospace industry (Xu, et al., 2022).
[bookmark: _Toc157806055]Advantages and disadvantages of sand casting
One advantage of sand casting is the low cost. Compared to other methods this is a low-cost option allowing manufacturers to create parts without spending as much money. Also, it’s incredibly versatile as there is a large range of materials that can be used in sand casting with little process changes. This means companies have greater choice to find the material they require against the set of constraints they must follow in identifying the most ideal material for the product. Finally, sand casting is also versatile because of the range of complex shapes that can be created, which some other methods may struggle with (Xometry, 2023).
However, sand casting also has limitations. One disadvantage is that cooling rates are uncontrolled. This means that there is variability in the microstructure and controlling metallurgical properties may sometimes be difficult. Also, the surface finish when sand casting is often rough resulting in further finishing processes being required to improve the surface quality. Finally dimensional accuracy and repeatability can be variable which can lead to variations in the shape and size of products made by sandcasting (Xometry, 2023).
[bookmark: _Toc157806056]Typical microstructure produced in sand casting
Sand casting has a variety of materials that can be used to create different parts. One common material is magnesium alloys. One that stands out is the MG-Gd-Y alloy which stands out due to its strength and ductility. Figure 7 shows the typical microstructure of a magnesium alloy product with an average grain size of 59 μm (Song, et al., 2013). 
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Figure 6- Magnesium alloy microstructure (Song, et al., 2013)
When the cooling rate is increased, the average grainsize begins to decrease. As the number of grain boundaries increases this also influences the UTS (ultimate tensile strength) to increase. A maximum UTS is shown in figure 8 of 207Mpa.
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Figure 7- Mechanical properties of magnesium alloys (Song, et al., 2013)
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One defect that can occur when sand casting is gas porosities which are holes that are caused by trapped gas. To remedy these overheated areas in castings should be avoided. As nitrogen and hydrogen solubility decreases with temperature, they migrate to an area with the lowest cooling rate and when solidifying results in pin holes.
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Figure 8- gas porosities (pin holes) defect (Sertucha & Lacaze, 2022).
Another casting defect is hot tears. This occurs due to an imbalance in temperature during solidification and an imperfect riser location.  Even cooling across the mold will remedy this defect. Also avoiding sharp turns/corners will help reduce this defect (Juriani, 2015).
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Figure 9- Hot tears (Juriani, 2015)
Finally, another common defect is shrinkage. This occurs due the formation of a closed loop at a specific point during the solidification process which creates a cavity due to the absence of molten metal being fed.  Remedial measures for shrinkage consist of:
· Feeding sharp corners to avoid hot spots
· Using inoculants
· Drying the mould with carbon dioxide gas for a minimum of one minute to increase rigidity (Juriani, 2015)
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Figure 10- Shrinkage defect (Juriani, 2015)

[bookmark: _Toc157806058]Welding
Welding is defined as a fabrication process where two or more parts will be fused together by using heat, pressure or both which then results in the two parts joining when they cool. The materials joined together are referred to as the parent material and then the material added to make this happen is known as the filler. With metals when heated it creates molten material which cools to then form a join (TWI, 2023).
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Figure 11- Diagram of a completed weld (TWI, 2023)
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Welding has majorly contributed to the development of the automotive industry. (Aslanlar, 2006) found one of the oldest and most widely used processes in the automotive industry in body-in-white manufacturing is resistance spot welding. (M.Pouranvari & Marashi, 2013) shown the high output and low cost in mass production when resistance welding makes it prominent in the automotive industry.
[bookmark: _Toc157806060]Advantages and disadvantages of welding
One advantage of welding is the various welding methods available to use as shown in figure 13. Different methods fit different parts better and constraints such as budget and the type of application will help find a suitable welding method (Verma, 2021).
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Figure 12- Different welding processes available for use in aluminium alloys (Verma, 2021)
Another advantage of welding is it a more economical and efficient process in comparison to other processes, meaning welding will be a leading method in the future with the need to be green increasing. Also, when done correctly welding results in permanent joints which will have equal or even more strength than the original metal (Chaudhari, 2016).
However, welding isn’t without its faults. One disadvantage of arc welding is it requires skilled welders which means it requires workers to be highly trained which means workers are required to be paid better (Vyas, 2021). Also, some welding types such as MIG and Arc welding are unsuitable for welding thin materials which decreases versatility.  TIG welding is unsuitable for thick metal joins and will also be time consuming decreasing the efficiency of the process (Vyas, 2021).
Typical microstructure produced
Figure 5 shown below shows the microstructure of a 304 stainless steel with a gauge of 7.5mm weld using high power fiber laser welding (Tao, et al., 2023). 
[image: A close-up of a rock

Description automatically generated]
Figure 15- Steel weld microstructure (Tao, et al., 2023)
The ultimate tensile strength of the processed material
The tensile strength of the base metal was 706 MPa while the weld was 689Mpa showing the weld was weaker than the base metal. This is still within 95% of the base metal still proving to be a strong weld (Tao, et al., 2023).
Typical welding defects
Undercut defects are formed by the incomplete coverage of the deposited metal in the work piece leaving a gap in the weld which severely reduced the quality and performance of the weld (R, et al., 1989). This can be supressed by interaction of the arc and laser, where the arc is more stable increasing the wire deposition which reduces the defect (Liu, et al., 2023).
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Figure 13- Undercut defect	(Liu, et al., 2023)




Porosity defects are formed by the gas in the molten pool where it doesn’t escape and therefore stays in solidification. Excessive pressure must be avoided to reduce porosities as this causes a collapse of the keyhole which allows gases to escape (Liu, et al., 2023)
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Figure 14- Hydrogen porosity
Finally spatter defects are the fusion of the welded workpiece and the wire, where droplets formed when melting spatters. To reduce this a smaller wire can be used that has more settings which allows tiny droplets to be sprayed on the weld metal (Hobart, 2022)
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Figure 15- Spatter defect
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