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[bookmark: _Toc157960285]Abstract
The following research looks at three separate production processes, metal rolling, die casting, and powder metallurgy. The report analyses the uses, benefits, and drawbacks of each technique. Additionally, the typical microstructure and ultimate tensile strength of the processed materials are determined. Furthermore, common processing flaws in each process category are identified along with corrective actions to eliminate these flaws. This report provides insight on the three manufacturing processes and their individual unique characteristics.
[bookmark: _Toc157960286]
Task 1 – Overview of processes
[bookmark: _Toc157960287]Rolling
Rolling is a metal forming process which consists of the metal passing between two rollers, the metal reduces in thickness due to the compressive force exerted by the rollers. There are two forms of rolling, hot and cold (University of Cambridge, 2024). Hot rolling consists of heating the metal to a temperature higher than that of recrystallization to cause plastic deformation during the working or rolling action to create the desired pattern or shape  (Corrosionpedia, 2020). The process of cold rolling involves passing metal through rollers at temperatures below its recrystallization point to enhance the metal's yield strength. Through cold rolling, the grain size of the metal can be reduced, leading to Hall-Petch Hardening (Thorat, 2020).
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[bookmark: _Toc157959177]Figure 1 - Rolling Process Diagram. (Created by Author)







[bookmark: _Toc157960288]Die Casting
Die casting is a very efficient casting method that involves rapidly filling a mould with a liquid alloy and then applying high pressure. This automated approach provides precision and consistency in the finished product. It is mainly effective on alloys with low melting points. The moulds for the process might be made of metal, which are reusable, or sand for one-time uses (Eko-Admin, 2022).
Cold chamber die casting and hot chamber die casting are two common forms of die casting. The hot chamber machine contains an internal melting pot, while the cold chamber machine requires the molten metal to be manually added. The hot chamber process is faster compared to the cold chamber process (DYNACAST, 2021).
[image: Die Casting Diagram]
[bookmark: _Toc157959178]Figure 2 - Die casting Process Diagram (Engineer Student, 2019).







[bookmark: _Toc157960289]Powder Metallurgy (Sintering)
Powder Metallurgy is a metal solidification method where metal powders are compressed into a die and heated to temperatures slightly below their melting point. This process causes the powders to fuse together through sintering, resulting in the formation of a solid and three-dimensional component (Engineering Product Design, 2022). This process can greatly reduce the need for metal removal processes such as machining as the process can create highly accurate components (Bambhania, 2020).
[image: Powder metallurgy process.  ]
[bookmark: _Toc157959179]Figure 3 - Powder Metallurgy Process Diagram (Hamweendo, et al., 2016)

[bookmark: _Toc157960290]Task 2 – Application
[bookmark: _Toc157960291]Rolling
Metal rolling is commonly used in the manufacturing of sheet metal providing plates, strips, and foils for production purposes. I-beams and railway tracks are examples of structural steel components that can be shaped. The procedure entails the fabrication of cylindrical objects, such as pipes, rods, and wires (Rothstein, 2024).



[bookmark: _Toc157960292]Die Casting
Die casting is widely utilised in the automotive industry. It is commonly used to make engine blocks, cylinder heads and gearbox cases, the airspace sector also makes extensive use of die casting. The components are utilised in the production of aviation and spacecraft components. Die-casting processes are also used in a variety of other industries, including medicine, construction and toys. It is a versatile procedure that may be used to make several parts and products (Xometry Europe, 2022).
[bookmark: _Toc157960293]Powder Metallurgy
The medical sector has seen significant advancements in powder metallurgy, particularly in the creation of porous structures. These structures, including porous coatings for dental and orthopaedic surgical implants, can stimulate bone tissue ingrowth within the implant surface. This ultimately enhances the fixation of the implants in the surrounding tissues. (Munir, et al., 2020)
The automotive sector predominantly utilises powder metallurgy due to its tough yet lightweight properties, all while maintaining a cost-effective approach. The process provides multiple components, including gears, rotors, and both engine and transmission (see Figure 4) (Ramakrishnan, 2013).
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[bookmark: _Ref157365472][bookmark: _Toc157959180]Figure 4 - Powder metallurgy application areas in a car (Ramakrishnan, 2013)
[bookmark: _Toc157960294]Task 3 – Advantages and Disadvantages
[bookmark: _Toc157960295]Metal Rolling
Metal rolling has many advantages, including rapid and efficient processing, the capacity for mass production, optimal utilisation of materials and energy, the capability to create intricate profiles, and the ability to achieve accurate tolerances. However, there are some disadvantages to take into account, such as the substantial upfront investment required for installing rolling operations, the possibility of achieving a less polished surface texture that may require additional finishing methods, and the fact that it is primarily suitable for large-scale manufacturing scenarios, rendering it less efficient for smaller-scale productions (Testbook, 2023).

[bookmark: _Toc157960296]Die Casting
An advantage of die casting is its speed, die casting creates parts quickly and efficiently. Its low cost per unit makes it suitable for mass production. Die casting also ensures precise detail and surface quality for complex components. As a result, after casting, the item requires less polishing, which reduces costs. Die castings are sturdier and more long-lasting than other components. A limitation of die casting is its inability to cast certain metals or alloys, such as aluminium. Also, in cases where additional measures are necessary to achieve the intended form or structure, the expenses for tooling may increase due to the complexity of certain designs that may provide challenges in the casting process. Die casting requires very precise moulds, which can be costly depending on the complexity of the part (The piping mart, 2023).

[bookmark: _Toc157960297]Powder Metallurgy.
Powder metallurgy offers various advantages. It is economical for large manufacturing since it eliminates labour and machining expenses. This technique does not require skilled operators. This technology enables the creation of alloys that cannot be created using conventional processes. It also has a high production rate, allowing to produce 500 to 1000 pieces in an hour. Complex forms and bimetallic/laminated goods are easily manufactured. However, there are several downsides to powder metallurgy. The equipment is expensive, making it only economical for mass production. Metal powder's limited flow ability makes intricate designs difficult to manufacture. Powder metallurgy cannot produce a completely uniformly dense component. The product's size is limited by the size of the press. (Mech 4 Study, 2018)
[bookmark: _Toc157960298]Task 4 - Microstructure
[bookmark: _Toc157960299]Rolling of steel
Steel undergoes plastic deformation during the rolling process, resulting in the elongation and alignment of the steel's grains in the rolling direction. This elongation results in the steel becoming thinner and longer. The distortion causes dislocations in the steel's crystal structure, resulting in the creation of new grains and the enlargement of original ones. The newly formed grains often exhibit a smaller size and more uniform shape compared to the original grains, resulting in enhanced mechanical properties of the steel. Rolling can induce residual stresses in steel, which may affect its performance when subjected to a load. Heat treatments, such as annealing, can further modify the microstructure of the steel (Matmatch, n.d.).

[bookmark: _Toc157960300]Die casting aluminium.
During the diecasting process, aluminium transforms into a liquid state. When the molten aluminium enters the die, it begins the solidification process, which causes the development of new grain boundaries, within the new grain boundaries dendrites begin to form (Open learn, n.d.). These dendrites have both beneficial and detrimental effects on the component. Dendrites can be helpful in refining the grain structure of the aluminium improving its mechanical properties. Excessive dendrites may cause porosity defects in the component (Sigworth, 2014).




[bookmark: _Toc157960301]Iron Powder Metallurgy 
The crystal structure of iron remains as Body Centred Cubic (BCC) at ambient temperature, both prior to and following the powder metallurgy process. The microstructure is determined by the pressure and heat applied during the process, resulting in a uniform and fine-grained structure (Wu, et al., 2020). The grain boundaries are defined by a misorientation of less than 15 degrees between nearby grains, which occurs during the compaction process. Because they prevent dislocation motion, low-angle grain boundaries have a significant impact on the mechanical characteristics of the material such as an increase in strength (Kassner, 2011).

[bookmark: _Toc157960302]Task 5 - Ultimate Tensile Strength (UTS)
[bookmark: _Toc157960303]UTS of Rolled Steel
The ultimate tensile strength of rolled steel is dependent upon the specific composition and treatment of the steel. Xometry (2023) states that the tensile strength of steels typically falls within the range of 330-480 MPa.

[bookmark: _Toc157960304]UTS of Die Cast Aluminium
The ultimate tensile strength of diecast aluminium is reliant upon the individual structure and treatment of the material. Dynacast (n.d.) states that the tensile strength of aluminium alloys used in die casting varies within the range of 130-340 MPa.

[bookmark: _Toc157960305]UTS of Iron Powder Metallurgy
The ultimate tensile strength (UTS) of powdered metallurgy iron is determined by the treatment and composition of the iron. According to European Powder Metallurgy Association (2020), iron-based powder metallurgy materials typically exhibit a tensile strength ranging from 200 to 800 Mpa.


[bookmark: _Toc157960306]Task 6/7 – Processing Defects and Remedial Measures 
[bookmark: _Toc157960307]Rolling
[bookmark: _Toc157959185]Table 1 - Rolling Defects and Remedial Measures (Blackstone Advanced Technologies, LLC, 2020), (The Steefo Group, 2023).
	Processing Defects
	Remedial Measures 

	Edge Cracks are cracks that form on the edges of metal sheets during both hot and cold rolling. They occur from secondary tensile stresses formed at the workpiece surfaces, which can be a result of uneven heating, uneven rolling, or excessive quenching. 
	Edge cracks can be eliminated by trimming. Utilising edge rollers may assist in producing uniform rolls free of cracks.

	Alligator Cracks occur when layers of the metal stock separate during the rolling process, resulting in slabs that resemble the appearance of alligator skin. Alligator cracking primarily occurs due to the non-uniform distribution of components across the entire thickness of the sheet.
	A slight curve across the face of the material, also known as roll cambering, is one of the most common methods to address alligator cracking. 

	Wavy edges are one of the most common types of rolling defects. They develop when the concave rolls flex, causing elastic deformations, and when the fibres at the edge are longer than those in the core.
	The amount of elastic deformation applied to the concave rolls can be controlled with the use of hydraulic jacks.

	Small cracks known as zipper cracks appear in the middle of the metal sheet because of the rolls bending under intense rolling pressure.
	When it comes to preventing zipper cracks, cambering of rolls has been found to be effective and efficient.
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[bookmark: _Toc157959181]Figure 5 - Rolling Defects (Testbook, 2024)
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[bookmark: _Toc157959186]Table 2 - Die Casting Defects and Remedial Measures (Rapid Direct, 2022) , (Hill and Griffith, 2020).
	Processing Defects
	Remedial Measures

	Gas porosity is the occurrence of air bubbles within the solidified cast material following the cooling process. It occurs during the solidification phase due to hydrogen being released from the molten alloy.
	By controlling the melting process with a vacuum under flux or around a low solubility gas to prevent air from reaching the molten metal, gas porosity can be avoided.

	Shrinkage porosity is the creation of cavities in the casting because of the metal shrinking during solidification phase. Insufficient risering and gating, inadequate casting design, and improper cooling all contribute to shrinkage.
	To minimise shrinkage porosity, it is important to implement appropriate gating and risering techniques, adjust the casting design, and optimise the cooling process.

	Surface defects like flash, cold shut, and cracks can develop from several factors, including inadequate die temperature, insufficient die lubrication, and inadequate clamping force.
	To avoid any surface defects, it’s important to carefully control the temperature of the die, select suitable die lubricants, and apply sufficient clamping force.



[image: shrinkage porosity]
[bookmark: _Toc157959182]Figure 6 - Porosity in solidified die-cast metal alloy (Weiheng, 2020). 
[image: What is Flash in Die Casting?]
[bookmark: _Toc157959183]Figure 7 - Flash on die-cast component (Unity Manufacture, 2023)
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[bookmark: _Toc157959187]Table 3 - Powder Metallurgy Process Defects and Remedial Measures (Torresani, et al., 2022), (Razumovskii, et al., 2021) , (Selcuk, et al., 2008) , (Xiao, et al., 2021)
	Processing Defects
	Remedial Measures

	Lamination cracking occurs when layers of air become trapped within the component because of incorrect powder loading or rapid pressing.
	To decrease lamination cracking, adjust the process by pressing components slowly, using lubricants to reduce friction, and increasing compaction pressure.

	Blowouts can be caused by trapped air generating localised bulges or ruptures in the component.
	Like lamination cracking, blowouts can be reduced by pressing components at a slower rate, using lubricants to help air escape and increased compaction pressure.

	Porosity is caused by void areas within the sintered part, which are the result of insufficient particle bonding.
	Porosity can be reduced by increasing the dispersion of powder particles and optimising the sintering temperature and duration.

	Inclusions and contaminants result from the presence of impurities and foreign particles in the powder.
	Using high-quality raw materials and ensuring rigorous cleaning and handling of the powdered product will help mitigate the presence of impurities.



[image: Surface defects of laser-sintered samples observed by SEM: a) welding seams produced along the sintering path, and b) Aligned microporosity with particles inside.]
[bookmark: _Toc157959184]Figure 8 - High Porosity PM Component (Padrós, et al., 2020)
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