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Introduction of report
In this written report, I shall discuss the purpose and the different materials used within a computer case, then, I will follow this by research and summarisation of the current manufacturing process used to generate the chosen components before discussion of the positives and negatives of using such a process.  The next step after explaining the pros and cons of the current manufacturing method is to suggest an alternative process that could be implemented, before discussing the positives and negatives of that process as well. After the discussion of the current and the alternative processes, there shall be a comparison between the two processes, before finally concluding whether the alternative process is more suitable to produce the chosen components rather than the current manufacturing method used.



Purpose of the component
[image: ]
Fig.1 Computer Case
The purpose of a computer case is to act as a protective shell for the computer components, such as the motherboard or Central Processing Unit and there are slots in the computer case/tower in order to connect the computer to a screen, keyboards, exterior speakers, a computer mouse and other different hardware. The computer case must also provide space for fans, as they are needed in order to cool down the computer’s internals. While it is not impossible to build a computer that doesn’t have a computer case, this would mean that the exposed computer parts are more likely be damaged through accidents due to undue care. There is a wide range of different sized computer cases as there is no industrial standard.
Component materials
There is a wide variety of different materials that are needed to generate a computer case, such as injected plastic to form one side of the computer case, with most of the case being either made from steel or aluminium. Depending on the dimensions of the computer case/tower, some models will have rubber feet on the bottom as that model would be unable to fit on top of a desk, meaning that it would have to be on the floor.

Current Component manufacturing process
[image: ]
Fig.2 Storeroom of different tooling
The process of making a computer case begins with the tooling mould being produced first for manufacturing, being made from steel. To produce a single computer case, you need multiple sets of different tooling in order to create indents, drill holes, small bends and to remove areas of the metal material by cutting, which means that the tooling to be very precise in order of different parts to connect. The tooling is produced by using a CNC machine, which is a form of subtractive manufacturing, meaning that tooling is created by cutting it.
When the tooling needed has been produced, the process of generating a computer case can truly begin, with a steel roll weighing “660 kg” and costing about “$2500” (Fenlon, 2016). The steel roll is slowly unravelled and slid into a hydraulic press, which uses the first set of tooling needed to turn a sheet of steel into a component, before being moved to another hydraulic press with a different tooling through automation. This process repeats until it reaches the stamping machine, which cuts the component from the rest of the steel sheet off, and then requires manual labour to drill holes and have panels punched to assemble the computer case/tower later. Between each step of these processes, quality control checks are preformed to see if the measurements are correct and to find out if the tooling is working correctly.  Once all the manual labour is finished, the panels go under quality control checks one last time, before the main body of the computer case is made. 

The next step is that the computer case is put on an assembly line system that the case hangs from underneath. Through this assembly line, the case is dragged through a “two-step chemical bath… to ensure they’re clean of dirt, dust, oil, and other contaminants that could affect the evenness of the powdered paint that will soon be applied”. (Fenlon, 2016) After the chemical bath, the case is slowly moved down the line where a worker will use a blowtorch on the case to make sure all the debris has been removed, before it is painted using powdered paints by an automatic system in a room. After the case has gone through the powdered paints room, the workers will inspect the each painted case, to make sure that there have not been any areas missed. After being painted, the assembly line system will take the hanging case to the assembly room, where a lot of workers will connect parts to the case by screwing or riveting them together.
Meanwhile, plastic components for the computer case are produced using a variation of plastic injection moulding, as Acrylonitrile Butadiene Styrene pellets are heated up over 250 Celsius through a chamber, before being “injected into a tooling to form a part” (Fenlon, 2016). Specially created plastic tooling is used to generate holes and the structures inside of the numerous plastic components. 



Pros and cons of current manufacturing process 
Positive points about process 
The factory system, which produces the components that form the computer case is complex with multiple stages, this requires a range of manual experienced labour.
Despite the longevity of the tools and the amount of tooling needed (“approximately 70 -100 per case”), the current manufacturing process allows “200” units of small to mid-size computer towers to be produced every hour, so in a working period of 8 hours per day, 1600 units of computer towers would have been manufactured and ready to be shipped. (Fenlon, 2016)
The variety of tooling can produce a large number of component units as plastic part tooling can produce “250,000 units” while metal tooling can produce “150,000 units” of components. (Fenlon, 2016)
Hydraulic Press and robotic automation makes component forming a quick process. 
The powder painting process has been considered as being more environmentally friendly than other painting processes.
Due to the fact that computer towers have to go through so many different process and quality checks means that the product should have high quality standards.
 



Negative points about process
Due to the tooling needing to be produced prior to manufacturing, the time period needed is five weeks in advance, the outcome can affect general mass production.
The cost of producing the variety of tooling is relatively high as it can cost upwards of “$150,000” to just produce the tooling needed. (Fenlon, 2016)
Individual tooling need to be changed about every five years, meaning that each tooling has a limited lifespan. This has an impact on the cost of the product, as they need to recuperate the funds in order to replace the tooling every five years.
There is a limited colour palette that can be used when powder painting the case, as the colour white will discolour on the metal and plastic areas.
Due to the different sized tooling, there must be adequate space for storage between manufacturing runs.
At different points in the manufacturing process, quality checks by relevant people are conducted, which could lead to human error and wasted material.


Potential alternative manufacturing process
Due to the variety of different materials that is needed to generate a single computer case, I deduced that any potential alternative manufacturing processes that could be suggested would need to be able to use both plastic and metal. The alternative processes that I investigated considering were hydroforming, vacuum forming and investment casting.
Hydro-forming
[image: ]
Fig.3 Hydroforming a tube section
Hydro-forming was the first alternative manufacturing process I considered that could replace the current process. Hydroforming is currently used for manufacturing automotive components, such as “body frame parts and engine subframes” (Lucke, Hartl and Abbey, 2001, p.87). There are different methods for Hydro-forming. The first method involves a mould filled with water, then a sheet of metal is placed in line with the mould before finally being pressed into the recess, pushing out the water and causing the material to shape. 
The other method, which is used for producing automotive parts, involves “the starting workpiece is a semi-finished product, usually…a tube that has been roll-formed…from steel and aluminium” (Lucke, Hartl and Abbey, 2001 p.87) This tube is placed into a mould before being filled completely with a water, it is then pressed into the shape that is wanted as the water inside causes the tube to expand outwards to fit the mould. 

Overview of Hydro-forming
The first thing to note with this method is the high initial costs in order to acquire the specialised machinery in order to use this process and having a slow cycle time. This is due to the liquid needed to fill the mould or to be pressurised in order to shape the material internally. However, components that are produced using this process “can achieve weight reductions of around 30% in comparison to conventionally manufactured components” (Lucke, Hartl and Abbey, 200, p.88) and “lower production cost as a result of fewer parts”. (American Hydroformers, 2019)
Even though there are benefits for this process over the current process, this process is not suitable for manufacturing computer cases due to it cycle time as the current process can produce around 200 small or medium sized computer cases per hour. Hydroforming could not work as it can’t do the other stages that are required to produce a computer case. 



Vacuum forming
[image: ]
Fig.4 A male mould used for vacuum forming
After researching Hydroforming, the next manufacturing process considered was vacuum forming, a process that can only use plastics, but there are some customised computer cases made from just using plastic, so it could be used. This process typically uses “a female (cavity) mould” (Athalye, 2009), but male mould is also possible with this process. The different between a female mould and a male mould is how the material is applied, with the material being drawn into a cavity through suction for a female mould, while a male mould has material form around a prefabricated object also through suction. 
Using the male mould method, there would already be a prefabricated object, that would be covered a sheet of Acrylonitrile butadiene system (ABS), which has been described as a “Naturally opaque and tough” with “good abrasion resistance” (Athalye, 2009). The machine would be set up to heat up the sheet of ABS to about “140 - 190°C” (Athalye, 2009) above the male mould, then it would be brought down over the male mould. 


Overview of Vacuum Forming
As I mention in the introduction of this process you cannot use metal as a material therefore you would have to use certain plastics, which isn’t the most appropriate material for a computer case. The tooling costs would be quite low when compared to the current process, however, there be manual labour required in order to create vents and gaps in the plastic. As the machinery only allows one piece of plastic sheet at a time, then the labour would be constantly having to take the material in and out of the machine, compared to the automated system in the current process.


[image: ]
Fig.5 Investment casting in progress
[bookmark: _Hlk9359568]The final process that I considered as potential alternative to the current manufacturing process was investment casting. The process can use metals like “low-alloy steels, stainless steels, aluminium” (Thompson and Kim, 2011, p.68). The process starts with a wax pattern being created from a mould and connected to a “central-feed system” (Thompson and Kim, 2011, p.67). Once the wax component is assembled, it is coated “in a ceramic slurry” and then sprayed with “fine grams of refractory material”. (Thompson and Kim, 2011, p.67). The ceramic coated assembly is heated up inside of “a steam autoclave”, which causes the wax to melt out of the assembly and the ceramic slurry to harden at “1095°C”, creating a mould for the molten metal. After the molten metal has been poured in and cooled down entirely, the shell is broken apart, leaving the metal like the wax assembly, which can be picked apart.
Overview of Investment casting
This process offers high quality parts with good surface finish and this process has been used to produce objects like “housing, electronic chassis, covers and fascias”, but this process require specialised tooling equipment, trained labour and has a cycle time of “24 hours or more” (Thompson and Kim, 2011, p.68). This process is not economically sustainable to replace the current manufacturing process for computer case.


Conclusion
The conclusion that I have come to regarding the current manufacturing process and my own manufacturing alternatives is that the current process can easily generate more computer case units in the best cycle time as possible. The fact that these processes also require specialised equipment to be bought first and have the labourers trained in how to use them, which was some of the same criticism that I discovered for the current process. It is completely redundant to replace the current process, but the current process could improve through increasing automation.
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