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[bookmark: _Toc1938004]Introduction
Additive manufacturing (AM) is a technology that allows for extremely customised, inexpensive components and has already been implemented to great success in a number of industries (Babu, Goodridge 2015). It achieves this by assembling materials layer by layer, using information defined from a 3D model (Khorram Niaki 2017).
This report aims to identify and investigate how AM can be used in the creation of computer cases and demonstrate how doing so would benefit large scale server rooms, as well as unlocking new potential revenue streams in the gaming pc market



[bookmark: _Toc1938005]Background Research
[bookmark: _Toc1938006]PC Market
The PC gaming market has gone from strength to strength, experiencing an estimated sales growth of 26 per cent a year (Shah 2016). This comes despite a decline of at least 5 per cent in general pc sales (Bajarin 2016) that many experts attribute to consumers deciding that they are less necessary because of current smartphone functionality (Savage 2012). This goes some way in explaining why the PC gaming sector is still growing, tablet and handheld games simply cannot cater to this specific market.  

This year on year growth proves the gaming pc market is a lucrative one, with the industry expected to reach revenues of 33.5 billion US dollars by 2020 (Boxer 2017). Given that gamers aren't price sensitive (Shah 2016) and are willing to pay a premium for both form and function, the mass customisation that a redesign through AM can achieve is a thoroughly untapped and profitable market.

[bookmark: _Toc1938007]Data Centre Airflow
Considerations for optimal airflow is a critical part of the design for servers in a data centre, due to the significant environmental and capital impacts they can have, in some cases this relates to a company spending 24% of the entire data centre budget on airflow alone (Vaughan-Nichols, 2019), a figure that is likely to increase with ever-increasing energy demands.

The industry currently uses a benchmark called Power Usage Effectiveness (PUE), which is a ratio of power delivered to the centre and IT equipment power use (Kosik 2007). This ratio effectively indicates how well a data centre has been designed, a ratio of 1.2 currently being pursued as a standard (Vaughan-Nichols, 2019). The industry has tackled bringing this ratio down, largely in terms of macro, with principles like hot aisle/cold aisle cabinets of servers, effectively halving the area that needs air to be sucked up and cooled in. (TECH BEACON AGAIN). In the micro, however, there seems to be little consideration to keeping power draws down, and even less literature on the subject.
In practice, internal components are kept cool in the same way as consumer grade products, fans are added until optimal operating temperatures are reached. This becomes problematic when considering that 1 extra watt of power amounts to 6 US Dollars per. Extrapolating this, Googles’ data centre housed 2.5 million servers as of July (Data Centre Knowledge, 2019), if a customised server casing were to only reduce the power needs of a fan by 1 watt (worst case scenario), a data centre of that size would stand to save 15 million US Dollars a year. 

[bookmark: _Toc1938008]Current System(s) Appraisal
[bookmark: _GoBack]There are currently two utilised methods of PC case manufacture, pressing and laser cutting, both have their pros and cons and will be discussed below. Peer-reviewed research is entirely unavailable here, so news articles have been used to source this information (Fenlon, 2019).
[bookmark: _Toc1938009]Pressed
For this method, we will be looking specifically at how the company NZXT, a leading US-based pc case manufacturer, produces their product.
Before any cases can even begin production, tooling must be created for each different product with each case requiring on average 60 tooling’s and in some cases in excess of 100. In any case tooling for a specific model costs an average £150,000 to design and manufacture and are good for between 150,000 and 500,000 units depending on the tooling in question. The tooling require constant refining and sanding by factory workers to keep them within very specific constraints to continue working smoothly. Custom tooling can encompass everything from moulds to drill presses.
The process begins by feeding spools of steel onto specific lines that lead into a hydraulic press that bends the steel into the shapes of the various moulds, the side panel and hard drive cages for example.
The process from start to finish is quite simple, there are several lines for the front, side, rear panels and hard drives etc. Spools of steel are fed onto these specific lines and pressed into the mould to create the desired shape then either robotic arms or workers at the factory transfer the parts to other lines in order to create more complex shapes and in some cases drill presses to create features that are required for assembly later. It’s important to note that panels will be removed at random in most parts of the production line for quality control.
Stacks of panels arrive at the end of the tooling line and are taken to be washed, flattened, painted, and finally assembled by a team of workers.
[bookmark: _Toc1938010]Laser cut
Laser cutting a PC case is a very simple process, 2D profiles of each side of the case are cut directly onto the sheet of metal and produces effectively the same product. The equipment must be cooled continuously. The equipment is very expensive, with each cutter costing £1,000,000. The panels are then finished in an identical way to the pressing method. 

	

	
[bookmark: _Toc1938011]Redesign Merit
The redesign offers several obvious improvements over the traditional method. The most obvious of which is the initial cost factors that accumulate from creating new tooling. AM could eliminate these costs entirely, although some consideration must be made for the initial cost of an appropriate 3D printing device costing anywhere between £500,000 and £1,000,000 (Gardan 2016). Another aspect worthy of investigation would be to utilise AM to introduce rapid tooling so that existing factories could still operate, taking advantage of current infrastructure, though this is out of the scope of this report.
It would also expedite the development and deployment process, allowing products to hit the market within a much shorter time frame than previously possible, this is achieved due to the elimination of custom tooling and the associated development times.
The implications for data centre optimisation are the clearest and most profound, with a redesign capable of providing ample energy-saving designs, enabling data centres to save millions of pounds, whilst becoming more environmentally friendly. 
Finally, the redesign allows for mass customisation, leaning mainly towards aesthetic purposes, but could be implemented for airflow purposes as well, although this is an incredibly minor factor given the low-cost savings on an individual unit.
[bookmark: _Toc1938012]Implementation 
[bookmark: _Toc1938013]Redesign (CAD)
[image: ]Implementation is rather simple pc cases are already generally designed in a 3D cad space for the prototyping phase, so the transition is incredibly simple. 




Figure 1 – Server Case
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Figure 2 – Gaming PC Case, Rear
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Figure 2 – Gaming PC Case, Front
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[bookmark: _Toc1938015]Considerations
There are several different AM technologies that could be utilised, each with their own distinctive advantages. Given that the basic shape of a PC case is quite simple in nature, a relatively low minimum printing thickness will not be needed. Methods will be considered based on speed and will have to be capable of using steel as the material. There are three main techniques in AM (Hopkinson, Hopkinson et al. 2006) Liquid, powder and solid based systems. Various methods have been researched and detailed below.
[bookmark: _Toc1938016]Techniques
Powder
Powder-based AM is currently a very popular system and manufacture a wide range of materials (Hopkinson, Hopkinson et al. 2006). Of importance is Selective Laser Sintering (SLS) a technology invented in 1979. It utilises a high-power laser to fuse small particles of the selected material. To begin the process the temperature of the powder is raised to a little under the sintering temperature whilst in the bed (KAUTZMANN 2013) this is done to reduce the power requirements of the laser as it only has to heat the material a few degrees. 
The powder is lowered one layer at a time until the model is completed. SLS is unique because the sintering process doesn't entirely melt the powder, rather it heats to the point where the material can bond at a molecular level (Gardan 2016). With this process, and most other laser processes, material density is determined based on the peak power output of the laser, and support structures are made of unfused material.
Another viable method is Selective Laser Melting (SLM) and is a very similar process to SLS, the only differences being that the powder is spread by a roller (Hopkinson, Hopkinson et al. 2006) onto the building platform and the powder is melted entirely.
Liquid
Liquid-based AM works by curing specific regions of photosensitive polymers and is the oldest form of AM. It has a large number of advantages where prototyping is concerned, however, they're unsuitable for this product due to poor material properties, that get worse when exposed to sunlight (Hopkinson, Hopkinson et al. 2006).
Solid
Solid based AM uses raw material, in solid form as the name implies. The first commercialised system, fused deposition modelling was developed by Stratasys in 1991  (Hopkinson, Hopkinson et al. 2006). It creates models by extruding the chosen material through a nozzle moving in both X and Y directions, a separate nozzle extrudes the support material. Both resolution and accuracy are severely limited as the nozzle need to be wide enough for solid material to pass through, which is usually about 0.3mm (Hopkinson, Hopkinson et al. 2006).

[bookmark: _Toc1938017]Selection
Based on research carried out below, SLS seems to be the way forward with this redesign. It supports the use of steel, creates structures with good physical properties, and systems utilising SLS are readily available.
[bookmark: _Toc1938018]Conclusions
The report set out to demonstrate how AM could be used to redesign the manufacturing process of PC cases, taking inspiration from a few other industries that have already adopted the process. Specifically, it investigated how AM would change the consumer-based gaming PC market, and within data centres for the corporate market.
It found that a redesign could result in savings of 15 million US dollars per year given a data centre of 2.5 million servers, as a conservative estimate. It also showed that manufacturers could save a large amount of money, as custom tooling which costs a hefty amount would no longer need to be produced. Factories could also cut down on costs as the only staff required would be supervisors and quality control checkers, with workers no longer needed to assemble the case.
To supplement the report, two CAD drawings were assembled, largely as a proof of concept. Three different key methods of AM were discussed and SLS was determined to be the most appropriate at this moment in time.
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