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1. [bookmark: _Toc501542641]Introduction

This is a report that looks at the redesigning of a sliding unit on a drill press using CAD on Solidworks.  First defining the basic functions of the drill press and explaining what each part of the component is intended to achieve. After the explanations, the aim will be to improve each function by redesign using CAD and research gathered from a variety of sources. A design specification is necessary to discuss what features are going to be included and why. This is important in determining the considerations needed on the design when talking about the manufacturing method (Bitesize, 2014). Alongside the design specification, it will show a QDF table that looks at what the customer would want and if they have a correlation with the requirements. 
       The research will be looking at different manufacturing methods of producing the modified part so that at least 500 parts could be made weekly. It will also show a variety of materials to use and comparing the material and manufacturing method in terms of cost, functionality and weight. The final modified design will be shown in the report and this will be discussed alongside the design features that have been incorporated in the modification. 
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Figure 1	Figure 2

As observed by Gibson (2015), drill presses are high quality machines that have key components installed to help with precision and accuracy. Research from One of the features on a drill press is the Quill stroke. This is the distance that the chuck can travel vertically to cut a hole, therefore two key features on the design that allow this, are the clamping unit on the chuck and the lever connected to the sliding unit. The clamping units job is to provide a clamping force on the chuck so that it is kept in a stationary position when the drill has connected to the work piece. This is necessary not only for safety, but also to enable the chuck doesn’t raise when the drill piece starts to cut (Lorincz 2009). The role of the lever is to raise and lower the drill in accordance to the height of the workpiece. These are connected by a linkage which allows the transfer from arc to linear reciprocation and is connected to the sliding unit by a spigot.
        According to Baylor (2017), a drill press chuck is usually held into place using a tapered slot and pressure fitted into the spindle, however on the design concept, clamping jaws are used along with this. It is important so that the drill piece is concentric and rotational alignment is achieved. The top of the sliding unit also acts as a feature that provides a stop on a metal bracket so that the sliding unit and lever are restricted in the vertical axis. The bracket and stop are paramount as there would otherwise be nothing to stop the sliding unit from lifting over the column.
      The function of the rear bore within the sliding unit is to allow the main structural column to pass through without any problems. The column provides stability to the entire drill press and also acts as a counterweight to stop the machine tipping over when the drill and motor are attached. As a result, the sliding unit needs to have a firm contact of the support column or otherwise it may create a stress fatigue fracture that would be caused by continuous repetition. (Drill press parts diagram and their functions, 2015).
     When the drilling action has been completed and pressure is alleviated away from the lever, the sliding unit design holds a spring in the middle bore that acts as a return to a normal position for the drill (Jones and Town, 1972). 

3. [bookmark: _Toc501542643]Design Specification


Here is a list of specifications that a Drill Press sliding unit must adhere to in order to achieve its function. 

Economy
. Cost must be one of the main factors to consider in designing the sliding unit.
. The new design should allow for the cost to be reduced.

Quantity
. A total of 500 parts should be able to be produced a week

Size
. The new design will not be larger than the concept design.

Weight
. It should be designed to be easily pressed and lifted by customer and return spring.
. It must be lightweight as possible to reduce cost

Material
. The material needs to perform its function whilst being subjected to all scenarios of the drilling process. 
. It must be scratch resistant and tough to stop any damage from swarf.

Safety
. Its design is sturdy and strong enough to not shatter or shear.
. No sharp edges 
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4. [bookmark: _Toc501542645]Materials Research and Batch Production

Batch Method

To produce a product that is efficient when producing in batches, then 3D printing is the process that should be used. It can be printed in colour, produces no waste and uses materials such as plaster and ceramic’s (OECD, 2017).  Chapman (2017) demonstrates that parts within 3D printing are generally low cost, with little maintenance yet still create high complex parts.  Other manufacturing processes such as CNC machining require high maintenance, a highly skilled CNC operator and a complex facility to house the CNC machines (Pabla and Adithan, 1994).


Material for Production

There are a number of factors that need to be considered when selecting a material to use for a drill press sliding unit. The Drill press sliding unit undergoes conditions such as heat, vibration and stresses from vertical loads. Factors such as high temperature can cause the polymeric material to suffer from fatigue and lose its mechanical properties. As a result, due to the excessive vibration, a material that shows no function loss throughout the “expected temperature ranges” should be used (Thermoplastics and Polyurethanes, 1995).  
        The sliding unit material would have to be very durable and strong due to the constant vibrations of the drill and motor. Alongside this, due to the coolant that would be used to lubricate the drill tool, the material would need to be resistant to chemicals and other liquids. Any debris material such as swarf can easily pile up or get caught in the sliding unit which can result in damage to the drill or part. To combat this, the material would need to be scratch and abrasion resistant (Chiles, Black, Lissaman and Martin, 1996). 
        As reported in Creative Mechanisms Blog (2016), Polyamide is a very durable plastic that is sometimes used as a substitute or replacement to some metals. It is extremely tough and light weight which not only reduces cost, but also reduces the force needed to lift or press the drill down onto the part. Another very good property of Polyamide is the ability for it to withstand high temperatures whilst still performing its function and maintaining its high strength. This would make it ideal for the use within a drill press because of the vibration and physical demands that it would be subjected too  (Fry, 1999)
      Research carried out by Kutz (2011) suggests that thermoplastics are the type of plastics used with injection molding and when compared with other molding techniques, it can be produced at higher volumes. Nied (1989) comments that Polyamide is a thermoplastic.



5. [bookmark: _Toc501542646]New design and Manufacturing method

Manufacturing Method

To be able to produce 500 parts a week it is important to select a manufacturing method to be able to achieve this. According to Kutz (2011), Injection Molding produces higher number of parts compared to other process therefore it is preferred by manufacturers who require high volumes. High volumes are also achieved with high accuracy as the process of producing the parts is done automatically; requiring very few operators. This can reduce your overheads with regards to labour costs and all of this is achieved by eliminating human error (Tooley, 1996). 
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Figure 3
	Figure 5

      Groover (2010) suggests that Injection moulding is a manufacturing process whereby polymer is forced into the shape of a mold and left to thicken and solidify. The process can take up to 30 seconds and relies on high pressure to allow the polymer melt to take the entire shape of the mold tool. The mold tool material is important depending on the volume of products that need to be made. The material can range from Steel to epoxy resin for a low cost option (Mitchell, 1996). 
      For the modified part, it is important to use a quality mold tool that will not break down, produce large volumes and run without any problems. Even though the tools used to achieve this may cost more, due to the high volume, the cost per unit will be low and the quality tools will be able to run without any breakdowns or tool changes (Dienamics, 2017). According to Bayer Corporation (2000), holes within different planes can be made using ‘Side action slides’. These retract when the mold pulls away from the part and then returns to the same position on closure. Slides can be used for the slot and grub screw holes. Using this technique, the part can be manufactured using two tools instead of three told which will be cheaper and easier to cool the molding (Joseph Gordon, 2010). 



Modification

According to Groover (2010) shrinkage and sunken spots occur in places that are the thickest because they take longer to go solid. Due to this phenomenon, the cooling creates sunken spots on the outside surface of a component. As a result, the modification has reduced material where possible near the main supporting shaft and it has been further helped by the introduction of a slot in the middle of the design. A recommendation for changes in the future is to further reduce thick sections around the slot to stop any sink spots occurring. Sapene (2016) acknowledges that over ’80 % of the cycle time’ is attributed to cooling the part, therefore it is important to reduce dense areas of the part to improve cycle time.
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	Figure 6

      When redesigning or modifying a part to improve its performance and capabilities, it is crucial that factors such as weight and size are looked at carefully. This can lead to the selection of different materials and using smaller dimensions that would still improve performance (Kassapoglou, 1999). Where possible, material is removed to reduce weight and cost; however this does not reduce performance and doesn’t have an impact on its function.
      Research from Bayer Corporation (2000) demonstrates that Sharp corners within a design significantly reduce the products mechanical abilities. Corners located internally increase stress on the product when under load. The new design has radiuses to reduce the concentration of stresses and avoid shear.  One design consideration is the placing of the parting line which will produce flash. Flash in the wrong place can produce wear and a quality issue (Bayer Corporation, 2000).
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Figure 7 (Position of Injection molding tools to move the parting line)


6. [bookmark: _Toc501542647]Conclusion

The modified part shows a range of design changes that are beneficial when the process of injection molding is used. The manufacturing process is shown to be the most efficient one to use when looking at the volumes needed and material used. A number of materials could be chosen however, nylons properties consist with customer requirements and allows the drill press to function with reduced weight and cost.  
     The report outlines and justifies a part to be made in a low batch by the process of 3D printing. This process keeps the cost low yet still enables to part to have complex geometry (chapman, 2017). It’s very important that once injection molding has been chosen as the manufacturing process, then the mold tools used, need to be adapted so that the process is cost effective and run efficiently. 
    The modified part is designed to reduce stress and stop sunken spots by introducing radiuses and keeping to majority of walls uniform. It does this, whilst not reducing its performance and function. 
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