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[bookmark: _Toc157939004]Extrusion Forming

[bookmark: _Toc157939005]Definition of Extrusion Forming
Extrusion Forming is a manufacturing process that involves the shaping of a material, usually being metal but can be done for other materials such as fibre glass, plastics and food just to name a few (Serope Kalpakjian & Steven R. Schmid., 2014). The shaping process is done by forcing a material or substance through a die to create a continuous cross-sectional profile shape. This process is commonly used for production of high quantity products as it can be an expensive procedure to do for single or low quantities. 
There are multiple different processes in extrusion forming such as :-
· Hot Extrusion
· Cold Extrusion
· Indirect Extrusion
· Direct Extrusion
· Hooker Extrusion
· Impact Extrusion (Testbook, 2023)

In the extrusion process, a substance is subjected to plastic deformation providing the material has the right properties it will create and maintain its shape when the process is complete. 
A simple extruder set up commonly contains a mechanism such as a 1. Ram this applies the pressure to the material 2. Cylinder Chamber used for lubrication or holding the billet in place 3. Die which creates the finished profile shape. This can be seen in the image below for hot and cold extrusion. 

[image: ]
      Figure 1 : Hot Extrusion & Cold Extrusion (Testbook, 2023)
[bookmark: _Toc157939006]Application for Extrusion

One notable application of extrusion is in the production of aluminium profiles used widespread in the construction industry. Extruded profile such as window frames, door frames and curtain walls are made using the extrusion process (Testbook, (2023). The ability to create large or small complex shapes makes it well suited for these applications combining with the strength, light nature and corrosion resistance of aluminium. This efficient cost-effective manufacturing method allows for mass production of these products at low prices resulting in the ideal application for the building and construction industry. 
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[bookmark: _Toc157939008]Extrusion advantages
· A consistent cross-section of the parts.
· The process is only done once if done correctly.
· Compared to other methods it a cost effective
· As heat is applied to the material it can be formed quickly.
· As it is a straightforward process it can be automated.
· An extruded product's smooth surface, exact measurements, and clearly defined shape all serve as indicators of its quality.
[bookmark: _Toc157939009]Extrusion disadvantages
· After extrusion, residual tensions can remain.
· The extruded part can be extremely hot this resulting in dimension variations after extrusion.
· The same profile must be run for the entirety of the shape. 
· Squeezing requires a lot of effort and force.
· High initial starting costs.
· Not suitable for small-scale manufacturing.
· It requires heavier tools.

[bookmark: _Toc157939010]Microstructure of the processed material

In the extrusion processes the typical microstructure of the process material such as aluminium for example is characterized by fine-grained and uniform structure. The rapid cooling of aluminium after the procedure leads to small and closely spaced grains within the aluminium extrusion. The small and closely spaced grains formed from quick solidification will prevent the growth of larger grains leading to improved strength and hardness (Serope Kalpakjian & Steven R. Schmid., 2014).

[bookmark: _Toc157939011]Aluminium Tensile Strength

The tensile strength of aluminium will Varie this will range depending on the material and heat treatment applied to the alloy. However, a general range for the tensile strength of aluminium can usually be between a range of 70 and 700 MPa.
Pure aluminium though has a tensile strength around 90 to 110 MPa.
The most common used Aluminium 6061 tensile strength is roughly 310 MPa in its T6 temper. Whereas an aerospace aluminium alloys, like 7075 can have tensile strengths exceeding 500 MPa, especially in tempered forms (Civils Guide, 2023). 
[bookmark: _Toc157939012]Processing Defects
In extrusion processing, defects such as Bucking, uneven metal flow against the die face, Piping where the formation of internal cavities due to metal feed issues, and Surface Cracking resulting from temperature fluctuations can compromise product quality. 
[bookmark: _Toc157939013]Eliminating Defects
Mitigating these defects requires precise control of parameters like temperature, speed, and metal composition (ASM International, 2004). Quality control measures is essential for achieving the desired structural and aesthetic properties of extruded materials.
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[bookmark: _Toc157939015]Definition of Die Casting

Die casting stands as a precision metal casting technique in engineering. Molten metal is forcefully injected into a steel Mold under elevated pressure (ASM International, 2022). The process initiates with the fabrication of Molds which are precisely machined from steel, featuring cavities or profiles that precisely replicate the desired form of the product. Nonferrous metals aluminium, zinc, copper, magnesium, lead, pewter, and tin-based alloys, can be widely used to manufacture high-quality complicated components (ASM International, 2022).

Recognized for its capacity to produce intricate shapes with exceptional precision and thin walls, die casting holds broad applicability across industries such as automotive, electronics, and household appliances just to state a few (ThomasNet, 2022).

There are two basic types of die casting machines, The first being Hot chamber and the second being Cold chamber. These two significant casting process types have clear differences such as vacuum, squeeze, low-pressure and semi-solid die casting. Various die casting methods are chosen over others depending on material, geometry, dimension and complexity (Kalpakjian, S., & Schmid, S. R. 2009). 
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Figure 2 : Hot Chamber VS Cold Chamb. Engineering Product Design, (2021).
[bookmark: _Toc157939016]Application for Die Casting

One application of die casting is magnesium die casting. This application is very common in engineering industries such as the aerospace industry, automation industry and electrical casting housings. Being the eighth most common element on earth, the price of magnesium is pretty low when contrasted with other metals. It shares some of the same qualities as lightweight metals making it a favoured choice of metal when it comes to combined die casting. In the aerospace industry it is favoured due to its strengths being lightweight, durable, and have high insulation properties. This makes it a perfect choice in aeroplanes and spacecrafts.  
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[bookmark: _Toc157939018]Die casting advantages

· Die-cast parts are usually cheaper in large volume production.
· Complex forms and shapes can be cast simply, with parts ranging from as modest as 25g to 25Kg.
· Parts with walls as small as 0.4mm  in thickness are made possible because of the great pressure used during its process.
· Die walls, the casting usually has a fine-grained hard skin this leading to excellent strength.
· Can create smooth surfaces for bearings.
· It can create complicated shape products in high quantities requiring little or no post-processing.
· Outstanding dimensional accuracy with a reliable surface finish. (Engineering Product Design, 2021).








[bookmark: _Toc157939019]Die casting disadvantages

· Die casting parts are usually only efficient when requiring high quantity production due to their great tools cost.
· High melting point materials are unsuitable.
· Due to the iron content, ferrous metals such as carbon steel and alloy steel usually rust hence not suitable for the process.
· Sizeable pieces are extremally difficult to be cast.
· High die cost and long lead time to create the die.
· Any changes needed after the die is made will be costly or can't be done so would need to be made from scratch (Engineering Product Design, 2021).

[bookmark: _Toc157939020]Microstructure of the processed material
In the die casting processes the typical microstructure of the process material such as magnesium consists of fine-grained due to the rapid cooling in the casting process. This will enhance the mechanical properties of the component leading to a superior product produced. 

[bookmark: _Toc157939021]Magnesium Tensile Strength
The tensile strength of Magnesium can vary depending on the alloy content and processing conditions. Pure magnesium generally has a tensile strength of between 130-160 MPa, however common magnesium alloys used such as AZ91 and AZ31 for example have tensile strength of around 200 to 300 MPa (ASM International. 2022).



[bookmark: _Toc157939022]Processing Defects
In die casting processes, defects such as Porosity when holes or voids in solid cast metal components. The scale from extremely small (microscopic) to large several cubic centre meters. The two primary reasons of porosity are solidification shrinkage and gas porosity. Cold shut defect is when molten metal does not flow together properly, resulting in a visible line or seam in the casting. Misruns happen in conditions that are similar to cold shuts. When molten metal cools suddenly it then does not entirely fill the Mold, then causing unfinished components (DyCast Specialties Corporation, 2021).

[bookmark: _Toc157939023]Eliminating Defects
Quality control and proper casting techniques are crucial to minimizing these defects where possible, although some are extremally difficult to eliminate taking the correct measures will help in the manufacturing process. 
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[bookmark: _Toc157939025]Definition of Miscellaneous Welding
Miscellaneous welding methods encompass various techniques beyond the most common processes like arc welding and gas welding. Although gas and arc welding are the most widely used techniques in most industries due to ease of use and cost. Stick Mig and tig welding are used Universal throughout all industries as well as practices that are thought at apprentice level. Other methods include processes like resistance welding, friction welding, and ultrasonic welding. 
Resistance welding involves passing electric current through the materials to be joined generating heat for fusion (Michael Pfeifer, 2009). Friction welding on the other hand creates heat through the friction between two rotating components facilitating the joining of materials. Ultrasonic welding employs high-frequency vibrations to create localized heat bonding materials together (Michael Pfeifer, 2009).

Furthermore, there are other less common methods such as laser welding which utilizes a focused laser beam to melt and join materials offering precision and speed (Christopher Dawes, 1992). These miscellaneous methods cater to specific applications and materials providing versatility in welding processes for various industries such as automotive, aerospace, and electronics (Cambridge Vacuum Engineering, 2016).
[image: A diagram of welding process

Description automatically generated]
Figure 3 : Types Of Welding. Shutter stock, (2023).
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One application of miscellaneous welding is MIG welding, this technique is very versatile which styles the process appropriate in numerous industries for welding a wide range of parts. It can be an automatic or semi-automatic arc welding process used to join pieces of metals together. (ESAB University, 2023)
 MIG welding finds use in: 
· Sheet metal welding. 
· Automobile, oil and gas, aerospace and automotive industry. 
· Fabrication work on pressure vessels as well as steel structures. 
· Heavyweight constructions like steel structures and bridges. 
· Welding of pipelines. (ESAB University, 2023) 
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[bookmark: _Toc157939028]Mig welding advantages
· Offers high productivity as the wire is continuously fed during the welding process. 
· You get high-quality welds with faster speeds compared to other methods of welding.
· You get versatile process that can be easily used to weld various metals and alloys.  
· It produces minor weld splatter that can be easily removed and can even buy anti splat to make the job easier. (Cambridge Vacuum Engineering, 2016). 

[bookmark: _Toc157939029]Mig welding disadvantages
· High heat input makes Mig welding unfitting for either overhead or vertical welding positions. 
· MIG welding gear is complex when compared to other standard welding equipment. (Cambridge Vacuum Engineering, 2016).

[bookmark: _Toc157939030]Microstructure of the processed material
The microstructure of copper undergoes a transition when heat is generated through the wire it changes from a cores structure to a more refined structure prompting recrystallization.
The refined structure enhances the strength and conductivity of the wire. Then the cooling stage once applied to the material contributes to the forming and bonding of the two materials combined. 
[bookmark: _Toc157939031]Copper wire Tensile Strength
The tensile strength of copper wire typically has a tensile strength ranging from 200 to 250 megapascals. The high tensile strength of copper makes it the suitable for multiple applications such as welding and electrical wiring where durability and reliability is crucial.
[bookmark: _Toc157939032]Processing Defects

In welding there are multiple defects that can occur although most are usually easily spotted, some won’t show up until after the job is complete and goes through a quality control inspection. The most common defects are: - Pinholes, too much weld deposit, Porosity issues, Improper weld penetration, Lake of fusion, Cracking, Spatter, Discoloration ESAB University, 2023).  

[bookmark: _Toc157939033]Eliminating Defects
Quality control and using the right equipment as well are prepping the job correctly beforehand will lead to chance of defects happening greatly. Although it will not always result in complete elimination of defects it will help greatly. 



[bookmark: _Toc157939034]Abstract
In this comprehensive research, three distinct engineering processes—extrusion, die casting, and welding were systematically investigated. For each method, a definition was formulated, elucidating its fundamental principles.

Advantages and disadvantages were assessed, providing an understanding of each technique's strengths and limitations. The microstructures resultant from extrusion, die casting, and welding were also looked at, shedding light on the structural changes induced during processing.

Furthermore, the ultimate tensile strength of the materials processed through each method was quantified, establishing a basis for evaluating their mechanical properties. Identification and analysis of typical defects arising from these processes. The research also outlined effective remedial measures to mitigate and eliminate these defects, contributing valuable insights for quality assurance in engineering applications. 
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