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Metal fabrication processes encompass the techniques required to manufacture crucial components in various industries such as aerospace or automotive. A brief study overviewing the processes, discussing the application, material considerations and common defect occurrences. Through analysis of existing literature and data, the paper explores the fabrication techniques of forming, casting, miscellaneous processes, and their respective effects on material properties and product integrity. Common failure mode considerations with respect to the material usage with the requirements for the mitigation of these to increase the likelihood of product quality. By exploring these aspects, the paper aims to provide insights into metal fabrication, its applications, and the material considerations.
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Metal fabrication processes play a pivotal role in modern industrial manufacturing, creating wide ranges of products across diverse manufacturing sectors. These processes involve shaping raw materials through techniques such as rolling, continuous casting and welding to achieve desired forms and properties. Understanding the processes and fabrication methods and exploring the applications evaluation criteria, material compositions and common defects highlighting significance in manufacturing.
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Forming Operation: Cold Rolling


Figure 1: Cold Rolling Flow diagram
Process Description
A Rolling process such as the strip mill is used to take a slab or coil of material, usually a steel production process, from one thickness and width to a lower thickness and wider profile. This process, inclusive of hot and cold rolled accounts for ninety-five percent of metal processing as described by Ikumapyi et al (2020). 
The process is to take a slab of material, usually from continuous casting, surface treat the material to remove impurities and roll between a set of rollers. These rollers are set to decreasing intervals to reduce the thickness, increasing the width and or length. The material is treated or decreased to remove foreign objects and annealed to release stress. The annealing process is important to remove work hardening aspects.
Application:
Steel rolling is commonly used to produce steel from raw materials or to further process steel for applications. The attributes for cold rolled steel compliment the common applications of automotive industries, such as fuel tanks and household appliances such as washing machines and refrigeration units. Lee et al (2018) discusses a cold rolling process used for the manufacture of seat rails in the automotive industry.
Process Evaluation:
The benefits of cold rolled steel are related to attributes such as surface finish, which is why it is preferable for appearance parts. The increased hardness, deformation resistance and tensile strength of the material is greater than hot rolled steel which benefits in applications requiring greater integrity. The shape can be defined and measured precisely. Hot rolled steel, due to the heat applied with uneven cooling, can cause distortions and slightly rounded edges. The difficulty in evenly heating and cooling, trying to reduce the variation in heat transfer, is discussed by Zhang et al (2022).
The drawbacks to the use of the cold rolled steel are the cost aspects. This is due to requiring multiple passes to get the width or thickness required taking longer to process. The stress produced within the process can induce warps which is not beneficial to appearance applications.
Material Structure:
The steel material microstructure, when completing the cold rolling process, has an elongation of the grain structure. The initial dislocations stop the material from being able to dislocate further causing work hardening. This created a significantly harder and more brittle material. The annealing process causes the reformation of new grain boundaries with a greatly reduced size. This reduces the brittleness and hardness to a degree which allows for further and easier use in application. “Tensile properties observations of two-hour annealing times at 590°C to 650°C clearly demonstrated that ductility increased at all annealing temperatures with maximum gain at 625°C and strength is decreased.” (Ahmad et al 2014).
Defects and Mitigations:
Typical defects in this process can include cracking, thickness variation and inclusions. To control cracking the hardness of the material needs to be monitored. The processes around annealing must be carefully controlled. This will stop the material reaching the stage of hardness which can cause cracking in the coiling operations. Jiang et al (2023) identifies cracking both major and micro within rolled 304L stainless steel due to brittleness.
The thickness is also usually monitored using built-in measurement devices in process. Additionally, the distance between rollers can be measured by the motor or other movement mechanism for them. This allows for precise measurement. 
Inclusions can be an issue within the process. This can be controlled by cleanliness or the process. The processes surrounding the rolling such as degreasing are important for this aspect. The casting of the steel must also be controlled for the same purposes, this can be checked by using spectrometry.

Casting Operation: Continuous Casting


Figure 2: Continuous casting Flow diagram
Process Description
The process described above is related to casting a lead coil with a grid structure through the center. The process requires molten material, which is pumped through a fitting called a shoe, that applies an even coating of material to the casting wheel. The wheel has an imprint of the product dimensions cut into the wheel. This newly formed grid starts the cooling process on the wheel, due to a cooled water loop and finishes the cooling post quenching. The coil is cleaned using ultrasonic to remove any lubricants and other process related materials. Continuous casting is used different materials with multiple technologies related to the process, Tang et al (2024) discusses the continuous casting of Cu-15Ni-8Sn and is benefits in aerospace and mining industries.
Application:
The relevant application is the manufacture of lead acid batteries. The coil created from this process is used to manufacture the anodes and cathodes within the battery. Lead is a cost-effective solution which has physical properties which make casting easier at lower temperatures, can be scaled accordingly in this application and are recyclable. Continuous casting can be used to manufacture a diverse range of materials for multitudes of applications. Rawat et al (2023) analyses a continuous casting system for a high uranium content U-6%wt Zr alloy which is a good alternative fuels for fast reactors.
Process Evaluation:
The benefits of this process are related to efficiency as heating and melting of lead are relatively inexpensive when compared to other materials such as steel. The efficiency benefits are due to the continuous aspect of the process, the output is faster than the rolling mills due to reductions in processing. The quality is beneficial as the casting wheel indentations mean that the material is formed into shape instead of punched later. This reduces the stress on the material while also having a defined shape and size.
Conversely, the quality of the material can be significantly reduced in comparison to rolling. This is due to the myriad of failure modes related to casting into the grid. Examples include distortion, flashing (over pumping lead) and missing grid (lead forming incorrectly). Queiroz et al (2024) discuss the corrosion aspects of the lead grids created by various casting processes in relation to lead acid batteries. They identified that continuous casting is not the best process for mitigating corrosion.
Material Structure:
Lead with tin doping in battery manufacturing is very common. The tinning is required for the VRLA (Valve Regulated Lead Acid) as it creates an improvement in cycling rates. Casting this causes a morphology of a lead matrix with eutectic regions surrounding cellular regions as described by Peixoto, Osorio and Garcia (2009). Due to the cooling within the wheel mould, the outer shell of the lead cast has a higher temperature resistance which benefits cycling rates battery manufacturing. The introduction of tin causes variations in the microstructure of the lead tin alloy causing a lower tensile strength then pure lead.
Defects and Mitigations:
Typical defects in this process are very similar to the rolling process. There are additional issues that can occur such as missing grid. Missing grid is characteristically a non-formed gird structure. The proper maintenance of the mechanism is the application for the lead material to the wheel is paramount to reducing the likelihood of occurrence.
This can also influence distortion; however, the failure mode is generally caused through poor tension after the point of cooling. Jayakrishna et al (2022) describes thermal distortion in continuous casting investigating a process with a computational model. This highlights temperature effects and the thermal distortion that can occur.
Flashing is a defect that is characterised by increased lead application to mold. This causes the grid pattern to be filled with additional lead in process. This can be mitigated by measuring the flow of lead through to the innertube and shoe.


Miscellaneous Operations: MIG Welding (Metal Inert Gas)
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Figure 3: MIG Welding Diagram
MIG welding is a form of welding that uses electricity arcing against the fed wire and the weld gun is applied across two parts to mate them. The inert gas, generally argon, is used to shield the weld from contaminants like nitrogen and hydrogen which causes the weld to discolour, with weakened joins due to pinholes creating porosity. The ground clamp completes the circuit which causes material fed through the welding gun to melt allowing the joining of the two parts. 
Very important considerations in this process are the health and safety aspects due to the operation being manual. The light that occurs while welding requires a welding mask. The heat consideration requires heat resistant clothing and gloves. Use of extraction or ventilation is required due to fumes which are released.
Application:
MIG welding is a very universally used welding operation that is applicable in a multitude of processes. Typical examples can include the welding of various automotive parts for that industry and welding pipework for industries such as chemical or oil and gas. However, the welding in automotive industries is generally done robotically. Arunakumara et al (2022) describe the industrial usage of MIG welded aluminium alloys in automobile and aerospace industries.
Process Evaluation:
There are various benefits to welding using the MIG process. Due to the wire feed the process is very efficient. This requires less training for an individual to get strong welds. There is also the benefit of being able to join two dissimilar metals, such as copper, aluminium, and iron. Singh et al (2022) reviews the process of MIG welding in similar and dissimilar metals. This is not the case with all other welding operations. Additionally, the welding splatter produced with the process is very minor and therefore, easily removed after the welding operation.
One disadvantage related to the MIG welding operation is due to the high heat output, which disallows the use of MIG welding in overhead or inverted positions. Additionally, the use of an inert gas can be an issue for outdoors. The changing wind and ambient temperature can cause difficulties protecting the weld. A consequence of the simplicity of the welding operation is the equipment required is complex and large. This is a very stationary process that takes time to set up in different locations.
Material Structure:
Li et al (2020) found welding 5356 aluminium alloy with N2 serving as the shielding gas, demonstrated that with the same parameters, the bead height was higher, the bead width was narrower, and the penetration depth was shallower. Compared to the samples with 100% Argon, the grain size was 43.5–47.8% smaller. Microhardness increased, but ultimate tensile strength and plasticity decreased. Analysis provided suggests that the use of gas plays a significant role in the differences in microstructure and considerations need to be made when welding materials to ensure that the weld benefits the application.
Haque (2023) analyses the difference in tensile strength between MIG and TIG welded parts. They stated that the “stresses in the tensile test for MIG welding, which are 204.793 N/mm2 for yield, 27688 N/mm2 for elastic behavior, and 180 N/mm2 for breaking behavior.” Regarding mild steel AISI-1020. This suggests that TIG welding is a better alternative for its use in applications that require significantly more strength in application.
Defects and Mitigations:
A typical defect that can occur in this process is porosity, this creates a greatly weakened weld, characterised by air inclusions and pinholes. Causes of porosity include poor gas shielding, poor material surface and moisture. The preparation process requires removal of any rust and oil. The location must be considered for environmental aspects and the gas checked prior to welding. Another failure mode of MIG welding is incomplete penetration which is characterised by the weld joint not being the same thickness as the material. This can be mitigated by reducing space between materials and aligning them correctly. Additionally moving the bead more slowly to ensure the correct penetration.

[bookmark: _Toc158010119]
6. Conclusions

In conclusion, metal fabrication processes are foundational to numerous industries, enabling the creation of vital components and essential products. The fabrication techniques have been examined by the applications, evaluation methodologies, material compositions, and common defects inherent. Gaining insights into these aspects, enhancing the ability to produce reliable metal components while minimising operational defects. As technology continues to evolve, the optimization of metal fabrication processes remains dynamic. The foundational process of metal fabrication still acts as the backbone to modern manufacturing.
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