
University of Wales Trinity Saint David
School of Engineering

[image: Text

Description automatically generated]
Manufacturing Processes & Defects
Materials and Introduction to Processing
ACMA4000

Andrew Stephen Madelin
2218888
05/02/2024



Contents
1	Introduction	3
2	Forming - Rolling	4
2.1	Task 1 – Definition	4
2.2	Task 2 – Applications	4
2.3	Task 3 – Advantages and Disadvantages of the Process	4
2.3.1	Advantages	4
2.3.2	Disadvantages	4
2.4	Task 4 – Microstructure Produced	4
2.5	Task 5 – Ultimate Tensile Strength of the Processed Material	5
2.6	Task 6 – Typical Processing Defects	5
2.7	Task 7 – Remedial Measures to Elimate Defects	5
3	Casting – Sand Casting	6
3.1	Task 1 – Definition	6
3.2	Task 2 – Applications	6
3.3	Task 3 – Advantages and Disadvantages of the Process	6
3.3.1	Advantages	6
3.3.2	Disadvantages	6
3.4	Task 4 – Microstructure Produced	7
3.5	Task 5 – Ultimate Tensile Strength of the Processed Material	7
3.6	Task 6 – Typical Processing Defects	7
3.7	Task 7 – Remedial Measures to Elimate Defects	8
4	Conclusion	10
5	References	11

Figure 1 – Hot Rolling Crystal Structure (Ikumapayi, 2020).	6
Figure 2 - Dendritic Texture of cast 18k Gold Alloy (Zhang, 1995)	8

2


[bookmark: _Toc158064493]Introduction
Metals have been a key resources throughout human society. They are a technological material which has driven progression of the human society (Aglan 2018). To make use of metals they require forming into tools or desired shapes and structures. 
Forming of metals can be categorised into forming, casting and miscellaneous methods. In each process the microstructure of the produced material will differ which will affect the mechanical and physical properties of the metal. Forming methods and their applications will be reviewed to evaluate the forming process and the resultant characteristics of the material.



[bookmark: _Toc158064494]Forming - Rolling
[bookmark: _Toc158064495]Task 1 – Definition
A rolling process is the permanent deformation attained by subjecting a material to large compressive stresses where the material is passed through the gap between two or more cylindrical rollers (Ray, 2016). The process results in the metal being compressed and elongated. The process transforms metal billets to sheet or rod form (Chiles, 1996). The gap between the rollers should be smaller than the thickness of the material piece being processed.  
[bookmark: _Toc158064496]Task 2 – Applications
A rolling process is a highly versatile process which has a wide range of applications from metal sheets, plates and panels to shafts, rods, and threaded parts like bolts and screws (Testbook.com, 2023).
The application to be reviewed will be steel production of H beams as used the construction industry.
[bookmark: _Toc158064497]Task 3 – Advantages and Disadvantages of the Process
[bookmark: _Toc158064498]Advantages
Rolling is considered a time effective process allowing for higher production rates, because of this it is well suited for mass production. It has a high efficiency as the process doesn’t lose material during the process and the energy consumption is fairly low in comparison to other processing methods. Complex profiles can be produced with intricate cross-sectional profiles. Precise tolerances can be achieved with accuracy and consistency (Testbook.com, 2023). This makes the process suitable for H beams which need to be mass produced within consistent tolerances.
[bookmark: _Toc158064499]Disadvantages
High Initial cost and investment required for rolling operations. Surface finish can be less refined than other processes, which isn’t a characteristic required from H beams. Hot rolling causes surface oxidisation and is limited in complex geometries. Hot rolling also has issues of high equipment wear. Debris and damage of the rollers can cause issues in the finished product. Cold rolling produces more wear to the hardness and higher forces involved which can result in a costly process. Cold rolling is energy intensive due to the forces involve and there is limited deformation per pass compared to hot rolling (Testbook.com, 2023). 
[bookmark: _Toc158064500]Task 4 – Microstructure Produced
The positive effect of rolling is to produce a refining of the grain structure and to eliminate porosity which results in the improvement of the physical properties of the metal (Chiles, 1996).
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[bookmark: _Toc158063246]Figure 1 – Hot Rolling Crystal Structure (Ikumapayi, 2020).

[bookmark: _Hlk158059786]In hot and cold rolling the grain structure is different due the temperatures involved. The crystals in the grain structure are elongated in the direction of the rolling. In cold rolling the crystals retain the shape of being elongated but in hot rolling, as they are heated above the recrystallisation temperature the grains reform while cooling as seen in figure 1. The initial cast is commonly brittle and associated with grain boundaries that are weak as they potentially pose defects such as cavities which can be due to shrink and due to trapped gas (Ikumapayi, 2020).
[bookmark: _Toc158064501]Task 5 – Ultimate Tensile Strength of the Processed Material
EN10025-2 S355J2 H Beam steel Mechanical properties Tensile strength (Mpa):450-680 (Bebonchina, No Date)
[bookmark: _Toc158064502]Task 6 – Typical Processing Defects
Common defects in H-beam steel production can include roll marks, fold and waves. 
[bookmark: _Toc158064503]Task 7 – Remedial Measures to Elimate Defects
Roll marks can either be periodic or non-periodic. Periodic roll marks are usually pits of ridges on the surface of the rolled piece caused by faults with the rollers or oxide scale in the pass. Non-periodic are a sign of serious wear of the rolling system or collisions of the mechanical equipment’s. Maintenance and changing of the rollers can eliminate roll mark defects (Steel Industry Rail, 2023).
Edge cracks can occur due to uneven heating, uneven rolling or excess quenching. Trimming operations to remove cracks or using edge rolls can help in achieving uniform roll shapes without cracks (Blackstone, 2020).



[bookmark: _Toc158064504]Casting – Sand Casting
[bookmark: _Toc158064505]Task 1 – Definition
Casting is a metal working process that involves pouring molten metal into a mould. The molten metal takes the shape of the mould where it cools and solidifies to the desired shape (Scallan, 2003). Types of casting include Sand, Die, Investment and Continuous.
[bookmark: _Toc158064506]Task 2 – Applications
There are numerous applications where casting of metals is used, these include aerospace parts, automotive components, marine components, heavy machinery parts and architectural and decorative products.
The application to be reviewed will be sand cast gold jewellery manufacturing.
[bookmark: _Toc158064507]Task 3 – Advantages and Disadvantages of the Process
[bookmark: _Toc158064508]Advantages
Cost Effective – Relatively inexpensive due to sand casting readily available and affordable (Team Xometry, 2023).
Customisable and Versatility – suitable for both simple and intricate ring designs of varying shapes and sizes to meet specific preferences and designs (Team Xometry, 2023).
Complex geometries – can accommodate complex ring designs with detailed patterns and textures (Team Xometry, 2023).
Rapid prototyping – well suited for rapid prototyping and small-scale productions of gold rings. Enabled jewellers and designers to quickly create prototypes and iterate on designs before finalizing the production process (Team Xometry, 2023).
High Material Yield – Sand casting results in high yield since excess gold from the casting process can easily be reclaimed and reused (Team Xometry, 2023).
Durability – Gold rings produced through sand casting exhibit excellent durability and strength. Casting process ensures gold material is evenly distributed resulting in rings with uniform density and structural integrity (Team Xometry, 2023).
[bookmark: _Toc158064509]Disadvantages
Surface Finish – sand casting can result in rough surfaces which require additional processing to achieve the desired aesthetic. Can increase production time and Cost (Team Xometry, 2023).
Dimensional accuracy – Can be challenging to achieves with intricate designs and details. Variations in mould sand quality, casting conditions and even how compact the is can lead to inconsistencies (Team Xometry, 2023).
Porosity and Inclusions – Porosity and inclusions in the gold rings can occur due to trapped air pockets or contaminants in the sand moulds. Can compromise structural integrity and aesthetics (Team Xometry, 2023).
Detailing – sand casting intricate designs is limited depending on the size of the sand grains used which can result in less-defined details compared to original designs. Further processing will be required (Team Xometry, 2023).
Mold Preparation Time – creating the sand moulds for each ring can be time consuming especially for complex designs (Team Xometry, 2023).
Environmental impact – Used sand requires proper disposal, especially when binders and additives  are used in the sand casting (Team Xometry, 2023).
High Labour Intensity – Can be labor intensive, more so in preparation and handling of sand molds as well as the post-casting finishing processes which are required. Skilled labour is required to ensure proper mould preparation, metal pouring and quality control (Team Xometry, 2023).
Mold Degradation – Sand molds can degrade over time due to reperated use leading to mold erosion and dimensaional inaccuracies (Team Xometry, 2023).
[bookmark: _Toc158064510]Task 4 – Microstructure Produced
When sand casting gold the resultant microstructure is characterised by a dendritic structure. 
[image: ]
[bookmark: _Toc158063247]Figure 2 - Dendritic Texture of cast 18k Gold Alloy (Zhang, 1995)
When a liquid metal cools and begins to solidify in a mould. Grains of the metal form in tree like dendrites. Smaller dendrites generally mean the gold is more ductile which is useful when resizing gold rings for personalisation.
[bookmark: _Toc158064511]Task 5 – Ultimate Tensile Strength of the Processed Material
Cast 18k Gold Tensile strength (Mpa):520 (Cullen Jewellery, 2023).
[bookmark: _Toc158064512]Task 6 – Typical Processing Defects
Porosity – most common. Small voids or holes appear in metal surface caused by trapped air or gas during solidification process. Improper gating, design, inadequate venting and insufficient metal fluidity can contribute.
Incomplete filling or misruns – when molten gold fails to completely fill the entire mould cavity. Low pouring temperatures, inadequate gating systems or poor mould venting prevents molten metal from reaching all areas of the mould.
Surface imperfections – roughness, sand inclusions from mould. Mould marks on surface. Usually stem from mould making process such as sand selection, poor compaction, mould design. Can also occur during pouring as turbulence in metal flow or improper gating (Zhang, 1995).
[bookmark: _Toc158064513]Task 7 – Remedial Measures to Elimate Defects
The remedial measures to eliminate the defects.
Porosity and misruns can stem from poor mould design, inadequate gating, inadequate venting, and insufficient fluidity of the molten metal potentially down to low temperature.
Surface imperfections cannot always be limited due to the nature of the process. As above with well designed and constructed moulds and skilled pouring the surface will still require additional polishing and processing to complete the desired aesthetic (Zhang, 1995).



[bookmark: _Toc158064514]
Conclusion
Both sand casting and rolling are integral metalworking processes that both have their place in industries. Each metal forming process can adjust characteristics of the metal by affecting the microstructure. Understanding how the process affects the material and selection of the forming process are required for the desired strength, ductility, and hardness but also the aesthetical finish.
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