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[bookmark: _Toc157164662]Abstract 
This assignment will contain three principal categories of manufacturing processes for metal. 

[bookmark: _Toc157164663]Introduction
A manufacturing process is a designed procedure that has the intention of increasing the value of a material by changing the physical and/or chemical starting work (Groover, 2014).
 
[bookmark: _Toc157164664]Task 1 
[bookmark: _Toc157164665]1.1 A precise definition of Direct Extrusion 
 
The process of forming continuous lengths of rods, tubes, etc. In which a workpiece (usually cylindrical) of metal above its recrystallization temperature, or other solid in a soft state, is pushed from a container by a ram through a steel-shaped die. Solid, hollow, and ribbed sections are made by such ‘forward’ or ‘direct’ extrusion (Atkins and Escudier, 2013). 
As demonstrated in Figure 1 the material flows in the same direction as the ram which is where the name of the forming operation is given (Rapiddirect, 2022). Once the billet has come to an end, a small portion remains in the container, this is called the ‘butt end’. This is where the remainder of the material cannot be pushed through the die opening (Bambhania, 2021c). The forming process produces a complex cross–section which is uniform over the entire length. (Khalaf, 2016).  
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[bookmark: _Toc157164655]Figure 1 - (Wire based additive manufacturing of Mg alloys - Scientific Figure on ResearchGate. Available from: https://www.researchgate.net/figure/shows-the-used-direct-extrusion-process-in-detail_fig3_336022175 [accessed 15 Dec, 2023])
 
 
Figure 2 demonstrates the process of Direct Extrusion:  
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[bookmark: _Toc157164656]Figure 2 - (Robin, 2020), (Rapiddirect, 2022b)
  
[bookmark: _Toc157164666]1.2 A precise definition of Investment Casting
a technique for casting complex designs that involves creating the object in wax first, then coating it with a refractory shell by spraying or dipping. The casting metal fills the shell mould after the wax has burned away (Figure 3) Escudier, M. P., & Atkins, A. G. (2019).
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[bookmark: _Toc157164657]Figure 3 – Investment Casting Process ( IQS Directory , n.d.)





[bookmark: _Toc157164667] 1.3 A precise definition of Powder Metallurgy
Powder Metallurgy is process of which using metallic powders to produce a parts/components. It is a process of which die and then densifying through a hot press or sintering (Figure 4). It reduces or eliminates the need for machining by producing components with complex features, and exceptional dimensional precision (Escudier, M. P., & Atkins, A. G. (2019).   




[image: A diagram of a compacting process

Description automatically generated][bookmark: _Toc157164658]Figure 4 – Powder Metallurgy process (Sundar, 2022).











[bookmark: _Toc157164668]Task 2
[bookmark: _Toc157164669]1.1 An application for Direction Extrusion 
· Automotive manufacturing – Products can be manufactured from this process such as window frames, door frames.
· This manufacturing process can be used to produce structure work in construction industries.  
(Bambhania, 2021b), (RS Components , n.d.) 

[bookmark: _Toc157164670]2.2 An application for Investment Casting  
· This manufacturing process is commonly used to create products such as valve components, gears and bushing. It is also used in the Marine industry due to its strong, corrosion-resistant metallic panels for ships and the submarines. (RapidDirect, 2022).  

[bookmark: _Toc157164671]2.3 An application for Powder Metallurgy 
· Dental/surgical practices – this manufacturing process can be used through practices to create complex reconstructive parts on an Additive Manufacturing (AM) machine. Titanium and Aluminum are two commonly used within this process (Jang et al., 2020), (Xilloc , 2012). 
 
[bookmark: _Toc157164672]Task 3 
[bookmark: _Toc157164673]3.1 Advantages and disadvantages of Direct Extrusion. 
Advantages: 
· Good surface finish is achieved creating an aesthetic appearance. 
· Suitable for hot and cold extrusion  
· Simple tooling requirements 
· Ideal for a complex cross-sectional profile cut. 
 
Disadvantages: 
· End butt remains left within the die – this waste is manually managed. 
· High force requirements – an increasing amount of force is required due to friction obtained within the process. 
· Variation of force – during this movement as the punch moves, the ram’s force is required to change. 


(Paul Murphy Plastics, 2019), (Engineering Product Design, 2009) 
 
 
[bookmark: _Toc157164674]3.2 Advantages and disadvantages of Investment Casting
Advantages: 
· An accurate dimension: this process has a very little finishing tolerance which is 0.075mm after finishing. 
· Fine surface finish: An achievable surface finish of up to 3 microns. 
(RapidDirect, 2022)

Disadvantages:
· Expensive costing of tooling and equipment
· Time consuming due to the steps involved 
(RapidDirect, 2022)

[bookmark: _Toc157164675]3.3 Advantages and disadvantages of Powder Metallurgy 
Advantages:
· Powder Metallurgy can be used to manufacture certain metal alloy combinations that cannot be made using other processes. 
· This Miscellaneous process can be automated to produce economical production.
(Groover, 2014b)
Disadvantages: 
· Expensive costing of tooling and equipment.
· Materials density variations in throughout  can become an issue especially for complex part geometries.
(Groover, 2014b)
[bookmark: _Toc157164676]Task 4  
[bookmark: _Toc157164677]4.1 Typical microstructure produced in Direct Extrusion of Aluminium (you must state the material) 
· 4.2 Typical microstructure produced in Investment Casting in Stainless Steel: Stainless steel has good strength, corrosion resistance, and a fine shiny surface. Common products include pump housings, valve components, gears, and bushings.

[bookmark: _Toc157164678]4.3 Typical microstructure produced in the Powder Metallurgy in MATERIAL  
 
[bookmark: _Toc157164679]Task 5 
[bookmark: _Toc157164680]5.1 The ultimate tensile strength of the Direct Extrusion in Aluminum 
· 5.2 The ultimate tensile strength of Investment Casting in Stainless Steel: Stainless steel has good strength, corrosion resistance, and a fine shiny surface. Common products include pump housings, valve components, gears, and bushings.
 
[bookmark: _Toc157164681]5.3 The ultimate tensile strength of Powder Metallurgy  
 (you must state the material) 
 
[bookmark: _Toc157164682]Task 6 
[bookmark: _Toc157164683]6.1 A description of at least three typical processing defects in Direct Extrusion 
· An extruded product with a rough surface appearance is affected by the extruded aesthetics as well as its functioning. The extrusion speed can be the cause (Khan, Dalu and Gadekar, 2014).
· Improper alignment of die: this flaw has an impact on the finished product's quality and form. Uneven stress and distortion result from the die's alignment with the metal flow direction being off (Khan, Dalu and Gadekar, 2014).
· Resin imperfections include occlusions: - air bubble is trapped within the resin during the process resulting in the quality and aesthetics of the final product, and voids: - escalating from occlusions, voids are empty spaces within the resin of when the air is trapped. This can weaken the structure of the final product (Kumar and Rao, 2019) (Craft Resin, 2021).


6.2 A description of at least three typical processing defects in Investment Casting
· Burrs is the most comment defect in investment casting, this occurs due to cracks or gaps on the core surfaces, or insufficient weight applied, and clamping. 
· A large shrinkage cavities can cause it to eventually break under stress.  This could be related to many factors such the design of the mold not being accurate. 
· Mold shifting, this is caused by misalignment of the upper and lower part of the mold. This can be caused by inaccurate pins or inadequately placing the upper and lower part resulting in misalignment.
(Casting, 2019)
[bookmark: _Toc157164684]6.3 A description of at least three typical processing defects in Powder Metallurgy 
 Depending on the powder metallurgy method, and the material being consumed, certain defects may be different. 
· Microstructure defects are mostly common defects within powder metallurgy process. It is the imperfections of the microstructure of the material, and can impact the final product (Ren et al., 2020). 


 
[bookmark: _Toc157164685]Task 7 
[bookmark: _Toc157164686]7.1 The remedial measures to eliminate the defects of Direct Extrusion 
· A remedial measure which can be put in place to reduce roughness finish is by adjusting the feeds and speeds(Khan, Dalu and Gadekar, 2014).
· Checking for alignment and the uniformity in die heating can restore in an corrective action (Khan, Dalu and Gadekar, 2014).
· A solution which can contain this matter is to screen the resignation material. The resin material is not precise(Kumar and Rao, 2019). 

(Khan, Dalu and Gadekar, 2014)
[bookmark: _Toc157164687]7.2 The remedial measures to eliminate the defects of Investment Casting
· Depending on how a burr can affect the final product, if minor it can be removed by breaking it off with an appropriate piece of equipment otherwise, if can lead to the part being scrapped off at a potential high cost depending on how far within the process it has gone. 
· A remedial measure to correct a shrinkage defect can allow designers to create a shrinkage allowance.
· Ensuring appropriate pins are being used and care is taken when aligning them and mounting. 
(Casting, 2019)

[bookmark: _Toc157164688]7.3 The remedial measures to eliminate the defects of Powder Metallurgy
Depending on the powder metallurgy method, and the material being consumed, certain corrective actions may be different. 
· Mechanochemical processing can help to control the grain size and lessen contamination. Hot Isostatic Pressing (HIP) is a process to improve microstructure (Razumovskii et al., 2021), (Ge et al., 2023).
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Step 1 tPrepare extrusion die.

Machine a round-shape die and preheat the die
to a temperature tolerance of 450-500 °C. This is
to expand the tool life of the die, and to even the

metal flow.

Load the die into the extrusion press.

Step 2: :Preheat aluminium billet.

Machine a round-shape die and preheat the die to
a temperature tolerance of 450-500 °C. This is to
expand the tool life of the die, and to even the

metal flow.

Load the die into the extrusion press.

Step 3: Transfer the billet to the extrusion press.

Machine a round-shape die and preheat the die
to a temperature tolerance of 450-500 °C. This is
to expand the tool life of the die, and to even the

metal flow.

Load the die into the extrusion press.

Step 6: Quench the extrusion

“This process is known as ‘quenching’ where the
extrusion s held in place with a puller s it leaves
the press, and s uniformly cooled by a fan or

water bath.

step

: Material pressed against the die.

As the aluminium has filled the containers walls, it
the gets pressed into the die, creating a fully-

formed shape achieved at the end.

Step 4: Billet is pushed into the container

Amalleable billet is stacked into the press of the
extrusion, where a hydraulic ram Is able to apply
pressure. This pushes the billet into the container
where the aluminium material is able to expand

to fill the containers walls.
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Step 7: shear the extrusion

Although the extrusion had gone through the
quench process prior, the material has not yet
completely cooled down. Once the extrusion is at

its full table length, it is sheared by a hot saw.

Step 8: Cooling the extrusion

The extrusion is transferred to a cooling table,

until it achieves room temperature.

Step 9: Stretch extrusion into alignment.

The extrusion will be held mechanically had both
ends and are pulled until the material is fully
stretched, and is brought into alignment. This

process is carried out to resolve any bend which

had occurred in the pervious step.

4

Step12:

econdary operations

After the extrusion process, the profiles can be

heat treated to increase properties, fabricate to

correct dimensions, and adding surface finish to
achieve aesthetic and corrosion resistance

properties.

Step 11: Aging the extrusion

The extrusion is placed in an oven for aging to the

correct temper, T5 or T.

Step 10: Cut extrusion to length.

The extrusion is cut to customer requirement
lengths, most are cut between 2438.4 —
3657.6mm (8-12ft), the extrusion meets the T4

temper.





image5.png
Investment Casting Process
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