University of Wales Trinity Saint David
School of Engineering

[image: Text

Description automatically generated]


Manufacturing Processes and Defects
Materials & Introduction to Processing (ACMA4000)




Tia Ball
2220258
January 2024
Contents
Table of figures	ii
1	Abstract	1
2	Forming Operation	2
2.1	Rolling	2
2.1.1	Definition	2
2.1.2	Application	2
2.1.3	Advantages & Disadvantages	3
2.1.4	Microstructure & Tensile strength	3
2.1.5	Processing defects & Remedial measures	4
3	Casting	6
3.1	Die	6
3.1.1	Definition	6
3.1.2	Application	6
3.1.3	Advantages & Disadvantages	6
3.1.4	Microstructure & Tensile strength	7
3.1.5	Processing defects & Remedial measures	7
4	Miscellaneous	9
4.1	Welding	9
4.1.1	Definition	9
4.1.2	Application	9
4.1.3	Advantages & Disadvantages	9
4.1.4	Microstructure & Tensile strength	10
4.1.5	Processing defects & Remedial measures	10
5	Conclusion	11
6	References	12


[bookmark: _heading=h.gjdgxs]Table of figures
Figure 1 - CustomPartNet (2024)	2
Figure 2 - Science Direct (2022)	4
Figure 3 - MechanicTips (2017)	6
Figure 4 - Jeff Grill (2024)	9


2

[bookmark: _heading=h.30j0zll]Abstract 
This technical report provides a detailed explanation of metal fabrication techniques, focusing on the processes of rolling, die casting, and welding. The report aims to offer an understanding of the advancements in these methods, their applications, and the outcome that can be achieved by integrating them into modern manufacturing practices.
The section on rolling encompasses an in-depth examination of various rolling methods, such as hot rolling and cold rolling. The report explores the materials and alloys that have been successfully processed through rolling techniques.
Die forming is discussed with a focus on materials, and manufacturing. The report highlights how widely used die casting is and explains how the microstructure and tensile strength of certain alloys are affected by the process. 
Welding techniques are discussed while exploring the several advantages and disadvantages of the process and it’s applicability across a diverse range of industries. It focuses on the most common defects caused by the process and any remedial measures to be taken.
Overall, this technical report provides a valuable insight into the latest advancements in metal fabrication, offering engineers, researchers, and industry professionals an overview of rolling, die-forming, and welding processes.


[bookmark: _heading=h.1fob9te]Forming Operation
[bookmark: _heading=h.3znysh7]Rolling
[bookmark: _heading=h.2et92p0]Definition
Rolling is a metal-forming process that involves compressing a metal strip between two or more rotating rollers. The stress exerted on the material is purely compressive, resulting in a change in shape and a reduction in thickness to the desired level. There are two different types of rolling processes which are hot rolling and cold rolling. Hot rolling is a process that takes place at high temperatures, specifically above the recrystallization temperature of the material being used. On the other hand, cold rolling is a process that takes place at low temperatures below the recrystallization temperature of the material. Therefore, “hot rolling” refers to a process carried out with heat. (DAHLSTROM, 2022)
[bookmark: _heading=h.tyjcwt]Figure 1 - CustomPartNet (2024)[image: ]
[bookmark: _heading=h.3dy6vkm]Application
Rolling is a metalworking process used to produce hollow seamless tubes, rods, and other cross-sectional shapes of large lengths. The process is widely used in the mass production of threaded parts such as screws and bolts, and gears can also be cut on gear blanks using rolling techniques. Additionally, it is used to manufacture various parts in the automotive industry, as well as construction materials like roofing panels, partition beams, and railroads. Rings for turbines, bearings, and other machines are also products of the rolling process. Steel sheets and plates are made by rolling metal between two rollers. (Mech4study, 2024)

[bookmark: _heading=h.1t3h5sf]Advantages & Disadvantages
The rolling process is a rapid and efficient approach that saves time, making it ideal for industries that require high production rates. The process is well-suited for mass production scenarios, making it perfect for extensive manufacturing operations. It ensures optimal efficiency in material utilisation and energy consumption, making it an environmentally friendly manufacturing process. It is also capable of effortlessly crafting workpieces with intricate cross-sectional profiles, making it perfect for industries that require high precision. Finally, the process can be tailored to create workpieces with exceptionally tight tolerances, guaranteeing precision.
The rolling process has some drawbacks including high initial investment. Starting rolling operations requires a considerable amount of money and investment. The workpiece produced by rolling may have a less polished surface finish, which may require extra finishing processes. Finally, although it is very efficient for mass production, the rolling process may not be as effective for smaller-scale productions. (Testbook, 2023)

[bookmark: _heading=h.4d34og8]Microstructure & Tensile strength
Titanium alloys that are rolled have a notable impact on their microstructure. The dynamic compressive strength of an alloy can reach up to an impressive 1730MPa. The fracture patterns shown in Figure 2 revealed that a 90° clock rolled titanium alloy exhibited ductile fracture, whereas the uni-directionally rolled titanium alloy displayed brittle fracture as its primary mode of failure.
The ultimate tensile strength (UTS) of titanium alloy after the rolling process can vary depending on various factors such as its specific composition, heat treatment, and other processing conditions. Titanium alloys are known for their high strength-to-weight ratio and excellent mechanical properties. Among the commonly used titanium alloys, Ti-6Al-4V (Titanium 6% Aluminium 4% Vanadium), can have an ultimate tensile strength in the range of approximately 900 to 1,100 MPa (megapascals) after the rolling process. (ScienceDirect, 2022)


[bookmark: _heading=h.2s8eyo1]Figure 2 - Science Direct (2022)[image: ]

[bookmark: _heading=h.17dp8vu]Processing defects & Remedial measures
Fibre occurrence at the edge is a frequent rolling defect. It happens when the rolls bend due to their concave shape, resulting in elastic deformations. Due to the thickness at the centre, the edges become more elongated. To tackle this issue, hydraulic jacks can be utilised to control the elastic deformation of rolls. Alternatively, the use of small-diameter rolls proves to be an efficient solution. 
During the rolling process, layers of the metal might separate, leading to the formation of slabs that resemble alligator skin. The sheet metal sticks to the rolled surface and follows the path of the respective rolls, causing sheets to appear on the plane. Cambering of the rolls is a common solution to alligator cracking. By applying a camber in the opposite direction, the surface in contact with the sheet becomes flat.
In both hot and cold rolling processes, the metal can develop cracks on the edges. These cracks occur due to secondary tensile stresses that are induced at the surface of the workpiece. Factors such as uneven heating, uneven rolling, or excessive quenching can contribute to the formation of these cracks. However, edge cracks can be removed by a trimming operation, while stretch and roller levelling under tension can also be effective in reducing their occurrence. The use of edge rolls can also help achieve a more uniform roll without any cracks. (Blackstone Advanced Technologies, 2020)

[bookmark: _heading=h.3rdcrjn]Casting
[bookmark: _heading=h.26in1rg]Die
[bookmark: _heading=h.lnxbz9]Definition
The process of die casting involves high pressure to force molten metal into a mould cavity. This cavity is created by two durable tool steel dies that have been expertly crafted and function much like an injection mould. (Axsom, 2024)[image: ]
[bookmark: _heading=h.35nkun2]Figure 3 - MechanicTips (2017)
[bookmark: _heading=h.1ksv4uv]Application
Die castings, also called pressure die casting, has a wide range of applications such as manufacturing automotive housings, appliance components, and toys. There are two primary types of die-casting machines, hot chamber, and cold chamber machines. Variations on these two major casting process types include vacuum, squeeze, low-pressure, and semi-solid die casting. The choice of the die-casting process often varies according to factors such as part material, geometry, complexity, and size. (Kalpakjian, 2009)

[bookmark: _heading=h.44sinio]Advantages & Disadvantages
Die casting is a rapid method that allows the production of large quantities of parts in a short span of time, which makes it ideal for mass manufacturing purposes that require a high volume of parts. Additionally, it is a cost-effective process, despite the high initial tooling expenses since the cost per part decreases as production volume increases. Die-cast components are incredibly robust and can endure high temperatures and pressures, making them perfect for a wide range of industries. They are also corrosion-resistant and have a long service life, making them a versatile choice for component production. (Yuanzhong, 2010)

[bookmark: _heading=h.2jxsxqh]Microstructure & Tensile strength
Die casting is a process that can affect the microstructure of a material, specifically aluminium. This process produces parts with a more uniform microstructure compared to other casting methods. The controlled and fast cooling in the mould helps to achieve a consistent structure throughout the casting. However, depending on the specific die casting conditions and the mould design, porosity can be a concern. The rapid cooling can trap gas in the material, resulting in porosity that may affect the microstructure and mechanical properties.
Directional solidification is a common phenomenon observed in die casting. It can lead to directionally dependent properties, which means that the tensile strength of the casting may vary in different directions. Porosity is another important factor to consider in die casting, as it can significantly affect the tensile strength, specifically in aluminium. The presence of pores or voids in the material can act as stress concentration points, thereby reducing the overall tensile strength of the casting. (Yu, 2023)

[bookmark: _heading=h.z337ya]Processing defects & Remedial measures
When metal alloys are smelted at high temperatures, they tend to absorb more hydrogen. However, during the cooling and solidification process involved in die casting, the solubility of hydrogen decreases, causing it to be released from the molten metal. This can lead to gas porosities or air pockets forming in the metal. To prevent this, it is important to control the melting process by melting the raw material in a vacuum under flux or using a low solubility gas to prevent air from reaching the molten metal.
Short filling is a common defect that occurs during pressure die casting. It happens when some areas of the cast surface lack materials. The defect is usually caused by several factors, such as poor fluidity of the metal alloy, low filling temperature, low injection pressure, poor filling conditions, and excessive use of lubricants. To prevent short filling, it is advisable to choose the right metal alloy. You can also increase the die and filling temperature, as well as injection speed and pressure.
Deformation is when the shape of a final part doesn't match the drawing. This issue happens due to various reasons such as improper gate removal, poor cast design, premature mould opening, inadequate ejection mechanisms, and drags during casting ejection. To avoid this, it's important to choose a suitable gate removal mechanism, and adjust the mould opening time to ensure rigidity. (Rapid Direct, 2022)


[bookmark: _heading=h.3j2qqm3]Miscellaneous
[bookmark: _heading=h.1y810tw]Welding 
[bookmark: _heading=h.4i7ojhp]Definition
Welding is a method of fabrication that involves heating or applying pressure to two or more parts to fuse them. This process creates a join that solidifies as the parts cool. Typically, welding is used for metals and thermoplastics, but it can also be applied to wood. The final result of the process is commonly referred to as a weldment.[image: ]
[bookmark: _heading=h.2xcytpi]Figure 4 - Jeff Grill (2024)
[bookmark: _heading=h.1ci93xb]Application
The process of welding is greatly applied in the production of pressure vessels, bridges, building structures, aircraft, and spacecraft. It is also used in the railway, automobile, electrical, electronic, and defence industries, as well as in the construction of pipelines, railway tracks, and nuclear installations. (Thorat, 2016)
[bookmark: _heading=h.3whwml4]Advantages & Disadvantages
Welding has several advantages such as no other method of joining two metal surfaces can achieve the same high strength as welding. This is because the welder melts the surfaces of the two metals together, interlinking the substrates and creating a very strong bond. Unlike other joining methods, welding will not cause any structural damage to the metal. Additionally, there is no need to pre-drill holes into the metal before welding, which means that welding does not increase the risk of metal corrosion or weaken the metal in any way. When two metal surfaces are welded together, the joint created is permanent, and the only way that it can come apart is if the joint was designed incorrectly, leading to joint failure.
Some disadvantages of welding are that welded joints have limited flexibility and may not withstand vibrations. If the joint is expected to experience a lot of movement, such as in transportation or automotive applications, it can lead to joint failure. Additionally, welding can cause metal distortion due to the heating and cooling process, which may lead to two issues: a weak joint and aesthetic problems. (Besley, 2024)
[bookmark: _heading=h.2bn6wsx]Microstructure & Tensile strength
The welding process involves high temperatures which can alter the microstructure of steel. The changes depend on factors like welding method, heat input, and cooling rates. The region surrounding the weld but not melted is known as Heat Affected Zone (HAZ). The HAZ experiences heating and cooling rates that can cause changes in the microstructure. During welding, the rapid cooling can generate significant residual stresses in the welded material. These stresses can affect the microstructure and may result in distortion or cracking. (Shamantha, 2000) 
At high welding currents, the decline in tensile strength is mainly due to the formation of hotspots. A fracture occurs in the heat-affected zone of the martensitic steel rod, rather than the weld interface. (Movahedi, 2018)
[bookmark: _heading=h.qsh70q]Processing defects & Remedial measures
Welding defects can weaken the strength and durability of welds. Weld cracks, caused by hydrogen use or lack of preheating, are the most severe and not accepted in the industry. 
Porosity occurs due to weld metal contamination and trapped gases, making the weld weak and prone to collapse. To prevent it, clean materials before welding or use a proper technique. 
Undercut reduces the cross-sectional thickness of the base metal, leading to weakened weld and workpiece. To avoid undercut, reduce arc length or use a correct welding technique that doesn’t involve excessive weaving. (SLV, 2022)


[bookmark: _heading=h.3as4poj]Conclusion
In conclusion, this report has provided an overview of key manufacturing processes, focusing on rolling, die casting, and welding, along with insights into associated defects. Each process offers advantages and disadvantages, influencing the selection criteria for specific applications.
Understanding these manufacturing processes and defects is crucial for making informed decisions in product design and quality assurance. Continued advancements in technology and process optimization are essential for addressing challenges and enhancing the efficiency and reliability of these manufacturing techniques in industrial applications.
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