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Polymer injection moulding would be used to manufacture the drill press main sliding unit out of nylon 6 30% glass filled. This is based on the cost effective and quick manufacturing cycles. This polymer was used due to its incredible strength and heat properties, while being resistant to the forces and chemicals within its environment. The original design was modified to suit draft angles and have an outside radius of 1.5mm. These changes helped the strength and stability of the unit and help material flow when manufacturing. 
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[bookmark: _Toc31914667]Introduction
A drill press unit comes in various shapes and sizes, which are used for many different operations. These can vary from drilling, reaming and tapping holes. A drill press can cut through almost any material as long as the correct speed is set and if required, adding coolant to reduce the wear of the drill bit. (Americanmachinetools.com, 2012) This machine is not only used in industries, but it can also be found in homes because of its simplicity to use. There are several types of drill presses to choose from. These include;
1. Sensitive Drilling Machine 
2. Portable Drilling Machine 
3. Radial Drilling Machine 
4. Gang Drilling Machine
5. Upright Drilling Machine (Butterworth, 2019)

A drill presses main sliding unit needs to be manufactured 1000 times per week. To minimise costs, a polymetric material has been chosen, which will be discussed in the up and coming sections.
[image: page2image794532896]
Figure 1. Customer concept. Obtained from Assignment Brief
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To have a successful product, it must be physically strong and be able to withstand all the forces required in its operation process. The product must be easy to transport, with the manufacturing and maintenance costs being as minimal as possible. 

The concept that has been provided by the customer shows that there is room for improvement. Firstly, the concept design has sharp edges, meaning this will cause stress concentration. This occurs when there has been a sudden change in a products geometry which causes an accumulation of stress to the parts body resulting in failures. (Mishra, 2017) 

[bookmark: _Toc31914669]Injection Moulding 
As the unit has to be made 1000 time a week, it is important that a fast manufacturing route is chosen, while ensuring a high-quality product is made at a relatively low cost. Therefore, polymer injection moulding would be the best manufacturing method. This is due to the cycle time being around 2 minutes. (Automaticplastics.com, 2013)

[image: ]This manufacturing process is relatively simple. Raw material will be filled into a hopper, which contains a reciprocating screw. The rotating screw will transport the raw material from the hopper to the mould cavity. The barrel that surrounds the screw has heaters on the inside wall, which melt the raw material until it is molten. The molten material is fed into the mould cavity using a channel system made up of gates and runners. Once the mould has been filled, the plastic cools and solidifies, which makes a solid. While this process is taking place, the barrel screw retracts and draws new raw material from the hopper. With the product cooled, the clamping method will be released, and the product carefully removed. [ (Automaticplastics.com, 2013), (Post, 2017), (Federation, 2019)]
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Description automatically generated]Figure 2. Showing the injection moulding process. (Protolabs, 2020)
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Due to sudden change in temperatures when using a drill press, it is critical the material can withstand these temperatures, as well keeping all its properties. The led to material being glass fiber filled nylon 6, with the glass fibre amount being 30%. This is due its outstanding mechanical properties and the ability to be very cost affective. The reason for the 30% glass is that it increases almost all its properties when compared to unreinforced nylon. However, glass filled nylons is highly abrasive and is prone to abrade. (Plastics, 2016) Also, it is critical that the resin is dry before moulding, otherwise there will be water marks on the product which could cause weakness in the material.
 
Further to the outlying properties stated above, nylon 6 is very much resistant to oils, fuels and greases. Thus, meaning the likelihood of the wear down, or any reaction occurring in nylon 6 to be minimal by the surrounding environment. The melting temperature for nylon 6 is very high, being 254°C it will be very difficult to ever see this material being melted in any drill press environment. With the drill press main sliding unit (DPMSU) needing to drill holes at very high pressures, the material will need to withstand the high forces that come with this operation. Nylon 6 has a tensile strength of 91MPa, which is a very high tensile strength and is very suitable for these operations. The last property that makes this material very suitable is its impact strength, which can also be known as charpy, with the value of this material being 97kj/m2. (Ensinger, 2020)
[image: ]Figure 3. Thermal properties of Nylon 6 30% glass filled. (Ensinger, 2020)
[image: ]Figure 4. Mechanical properties of Nylon 6 30% glass filled. (Ensinger, 2020)
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The first consideration to take into account is to avoid sharp edges. As previously mentioned, stress concentration will occur, resulting in fatigue in the design. This is why, the design will feature a radius on the outside of the DPMSU, as shown in appendix 2. (Mishra, 2017)

Secondly, the manufacture should avoid sinking as much as possible. Sinking occurs when different layers cool at alternate rates. This will cause the material to shape inward due to the stress applied. To avoid this, there should be even thicknesses.  (Protolabs, 2020)

Another point to be considered is the draft angle. The draft angle helps to release a part from a mould cavity with the least amount of drag on the products surface. A term that is often followed is for every 25mm of depth, to apply 1 degree of draft. (Protolabs, 2020)

Finally, the design must account for creep. Creep is when a solid material has the tendency to deform when under constant stress. Decay is likely in the apparent modulus which is caused by the prolonged stress. When the stress is below the yield point, stress relief proceeds through disentanglement. However, stresses that go beyond the yield point result in plastic deformation and cause defects to the design. (Jansen, 2015) This is why it is critical to use a material that is strong enough to withstand the surround forces being applied to the unit when in operation. This can be checked by using computer aided design software’s which can simulate the injection moulding process.
 


[bookmark: _Toc31914672]Conclusion
From the initial stage, the type of material was always known. This was down to the customer making the decision to make the DPMSU from a polymeric material, to reduce the production costs. From the design concept, it was clear that there were some fundamental problems with the concept design. The first being the sharp edges. These edges would cause to much stress in the design due to insufficient filling, causing stress concentration, which would have led to deformations. To rectify this, an outside radius of 1.5mm was included. Secondly, no draft angles were considered in the original concept. By including draft angles into the design, it reduces the change of sinking and allows the part to be removed from the mould easier. The material chosen was Nylon 6 30% glass filled. Nylon 6 has tremendous strength and heat properties and is very resistance to chemicals that would be found in and around a drill presses environment. CAD software’s make it easy to pick up defects with its simulation tools for injection moulding. 
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[image: ]Appendix 1 shows an outline of the drill press with the new DPMSU attached from a CAD software. 
[bookmark: _Toc31914676]Appendix 2.
[image: ]Appendix 2 shows the DPMSU with the draft angle and outside radius applied, again using a CAD software.
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From left to right, the components of a rapid injection
moulding press include: ram (1), screw (2), hopper (3), barrel
(4), heaters (5), materials (6), nozzle (7), mould (8), and part

(9).
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