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[bookmark: _Toc32005495]Abstract 
A look into suitable additive manufacturing processes to increase volume, mass customisation and reduced costs in the production of plumbing parts such as waste pipes. 
The current manufacturing processes will be investigated along with the current materials used. From this, potential changes in material and or process to meet the points stated above will be discussed.

1. [bookmark: _Toc32005496]Introduction
When a company decides on a product they will look at different processes to manufacture the part. There are many manufacturing processes they can choose from and it solely depends on the type of product they want to make and the customer they are hoping to sell to. They must also look at resources such as raw materials, assembly if any and the techniques for manufacturing.
In the plumbing industry, there are many different products available made from a variety of materials. These products are restricted by regulations set out by local governments. 
Standards set out Britain or Europe are what restrict the industry of plumbing products produced. Sometimes, old buildings were built before any of these regulations were set and thus are not always compatible with current products.
This opens a market for mass customization of products to suit the job at hand.


2. [bookmark: _Toc32005497]Current process
Plumbing waste pipes 110mm are made through traditional manufacturing processes. The PVC or ABS materials are heated up and injection moulded into the tube formation. Traditional processes sometime have several different machines.
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Figure 1. Manufacturing PVC tubing for waste pipe in traditional process. (Jeeplas, N.D.)
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Figure 2. Traditional manufacturing process for producing PVC. (PTFE-Machinery, N.D.) 

Manufacturing these products through traditional processes requires large scale machinery and many steps to creating the single product. The process takes time which in turn requires money. 
As mentioned earlier, manufacturers make standard parts and there are no ways to customise jobs.
3. [bookmark: _Toc32005498]New process
Additive manufacturing processes describe a new way producing parts by adding layers of material and can be created using CAD (Computer Aided Design). This process created a 3D like model ready for printing.
“the greatest difference between additive and traditional manufacturing is decentralization. We can deploy the 3D printing devices that make additive manufacturing possible locally, rather than in large, centralized factories. As a result, manufacturing can move closer to end users.” (Warburg, N.D.)

3D printing could be used for customising parts. Creating an app where customers can log in, take a photo of a sketch and have it digitised into a 3D model. They can select colour and some dimensions. This can then be manufactured the same day and dispatched within 48 hours. Materials such as PVC and ABS can both be used for 3D printing and both have great properties already observed by current regulations. 
[image: ]
Figure 3. 3D printing model of tubes. (ResearchGate, N.D.)
 “Two of the most prominent companies that have taken advantage of the rapid prototyping abilities associated with additive manufacturing are the Ford Motor Company and the Fender Musical Instruments Corporation.” (Warburg, N.D.) 
4. [bookmark: _Toc32005499]Added benefits
4.1 [bookmark: _Toc32005500]Pros of 3D printing
· Lead times are shorter.
· Reduced costs of time consuming traditional processes.
· Prototyping can be made by the customer.
· “small businesses can even make use of additive manufacturing without the initial cost of buying the equipment themselves.” (Warburg, N.D.)
· Printing can be completed just by a sketch or photo.
· Additive manufacturing such as 3D printing has increased dramatically as technology has improved. 

4.2 [bookmark: _Toc32005501]Pros of ABS
There are a number of pros for 3D printing plumbing parts using ABS. There are many situations where the standard commercial parts just do not fit the awkward job. By having the ability to customise your own parts and meet a short demand, within 48 hours you could fix a difficult problem with your own designed fitting.
· ABS is has a low cost, reducing the price for alternative materials.
· It has good impact and wear resistance which is important for their functions of plumbing fittings. 
· The finish produced from printing ABS is very smooth. This is important when using materials that are reliant on gravitational fall for water and other wastes to move along its surfaces.
· The material has good heat resistance. When hot running taps or drainage from boilers are some of the environments it will face, the materials resistance to temperature is vitally important to its integrity.

4.3 [bookmark: _Toc32005502]Cons of ABS
· The material can experience warping when printing. This could be counteracted by having a uniform design which could be implemented in the APP as a warning to the customer of their design or set as a default so as to suggest alternatives that would avoid this situation.
· There are odours produced when printing. The environment to which the production is set must be well ventilated and meet any standards. This is not a massive set back and can easily be fixed.
· As is the case with most materials when considered for production, the final tolerance is important for the customer. ABS does tend to shrink if not produced within a regulated environment. This is also not a setback as a controlled environment is important for all manufacturing processes.
5. [bookmark: _Toc32005503]Conclusion
In the UK the rate of new builds has increased year on year, thus reducing the green belt areas and causing animosity within those communities. There is pressure on councils to fulfil housing needs whilst maintaining a natural environment. This has led certain councils to start introducing benefits for renovating older and empty properties to a standard where they can be let out or sold. This incentive has a double 
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