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1. [bookmark: _Toc64583354]Introduction
1.1 [bookmark: _Toc64583355]Aims
The aim of this report is to ascertain the customer requirements of a drill press and design a suitable “Drill Press Mains Sliding Unit” (DPMSU) to satisfy these needs whilst not compromising on the manufacturer’s requirements. 
1.2 [bookmark: _Toc64583356]Objectives
The objectives of this report, is to first collect and analyse the customer and technical requirements for the products, create a resulting design specification which suits both customer and manufacturer requirements and finally propose a design prototype on CAD which suits all requirements. 
2. [bookmark: _Toc64583357]The design specification
Before one can review or propose any designs a design specification must first be created. This helps to ensure all customers’ “wants & desires” are effectively translated into design attributes (Liu & Zhang, 2008). To analyse anticipated customer needs for the drill press, a customer driven quality management system was utilised - the house of quality (HOQ) tool. This ensures the customer needs are what drives the product design and process design (Chan & Wu, 2005). 
A HOQ contains the customer needs, listed as “whats” on the left side rated by “relative importance” on a 5 point scale. It then lists technical measures as “hows” across the top, which are the engineering attributes or methods which relate to the listed “whats”. These “hows have “improving correlations” which simply identifies in what direction each of the “hows” should be improved to increase customer satisfaction (e.g. an increase or decrease in weight). At the centre of the HOQ tool is the relationship matrix which identifies the level of relationship between the listed “whats” and “hows”. At the top of the HOQ tool is the correlation matrix which establishes the relationships and correlations between each of the listed “hows” (Chan & Wu, 2005). The HOQ tool can be found in the appendix of this report. 
Figure 1: A section of the HOQ tool which displays the relative weight of both the “whats” and “hows” highlights that the cost of the product to the customer and therefore the relative cost of manufacturing are the most important aspects of the design process.  The next highest rated “what” is the sturdiness” and therefore the relative “how” is the life expectancy of the product. This HOQ highlights that; due to the high level of competition in the market, cost is a huge driving factor, but consumers are also considering the lifespan of their product when analysing cost – a cheap item that will break after only one or two uses will not satisfy customer requirements. This ties into the customer requirements of “safe” and “reliable” – a drill press which snaps during use is not desired. 







[bookmark: _Ref64200574][bookmark: _Toc64583326]Figure 1: A section of the HOQ tool which displays the relative weight of both the “whats” and “hows”
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3. [bookmark: _Toc64583358]Manufacturing Methodology (1000 units per week)
As stated in the brief, the manufacturing process will have to be able to satisfy demand for 1000 units per week. To ascertain which manufacturing processes will be able to satisfy this, Takt-time is used. Takt-time provides the basis for determining the pace of manufacturing to meet customer demand (keim, 2019).

If we work on the basis of 7.5 hours in a day (8 hour shifts, minus breaks) and 5 working days in a week, this means our takt time is:
 = 2.25 minutes.
NB: we multiplied 7.5 hours by 60 to convert into minutes.
This is telling us that we need to produce 1 unit every 2.25 minutes aka 135 seconds to meet customer demand with minimum resources. If the manufacturing process chosen does not meet this requirement the business has multiple options such as, increase the head count on the process, increase the number of shifts or increase the number of manufacturing lines producing this product. However, as cost is a main driver of this product, none of the changes are recommended as they will all lead to an increase in cost to the business. 
As the main customer requirement for this product is low cost, it is also not recommended to invest in a high cost manufacturing process as the payback period would be incredibly long. To stay competitive in the market, the business will have to pass on much of it’s cost savings to it’s customers, therefore the units produced have very low profit margins.
Material choice is a significant factor when choosing a manufacturing process, as some materials will be more complex to form than others. The material will also have to be fairly heat resistant to ensure it does not fail under excessive use, and corrosive resistant to ensure it can be stored in a workshop or garage without perishing.  If injection moulding is chosen, a flexible material will be needed or intricate design features will need to be designed out to ensure they are not torn off during the ejection step of the injection/ compression moulding processes which are commonly used in fabrication (Barletta, et al., 2020).Plastic has been chosen as the base material for this product due to it’s cost and durability. Figure 2 below is a graphical representation of different manufacturing process used for plastics (unknown, 2020). Polyoxymethylene is suggested as it is 100% recyclable thermoplastic, which has good dimensional stability, high strength and minor deformation at high temperatures and strong wear resistance (SOLUTIONS, 2020). 






[bookmark: _Toc64583327]Figure 2:Formlabs' cost comparison of manufacturing processes
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As the units being sold are expected to sell at a rate of 1000 units per week – 52,000 units a year, extrusion moulding is showing as the cheapest method to mass manufacture, unfortunately this is not a suitable method of manufacturing for our design as it is only suitable for products which have a continuous profile. Next is vacuum casting however this is only suitable for products with thin walls, similarly with blow moulding this is not suitable as it is can only produce hollow products. (unknown, 2020). Injection moulding is therefore the chosen manufacturing methodology. The production output could easily be increased through the use of multi cavity moulds; where the machine moulds 4 or 6 units at a time, rather than one at a time.



4. [bookmark: _Toc64583359]Critical Appraisal of Existing Concept
As the intention is to make units as cheaply as possible, multi-cavity injection moulding has been chosen. Due to the nature of this process, slight design changes were needed. Firstly, the spring hook at the bottom of the drill press mains sliding unit is too complex and thin for mass production through multi cavity injection moulding.

5. [bookmark: _Toc64583360]Proposed Design Specification
The spring hook at the bottom of the unit has been taken out, instead a 6mm through-hole has been placed for the insertion of a pin which will be used to anchor the spring in place. This the same pin hole size for all other pins in this assembly. Utilising the same pin already used in the design for the rest of the assembly ensures minimal cost (higher minimum ordering quantities of metal pins equate to lower purchase price, and less component variation equates to less safety stock). This also makes it easier for users to service or replace parts as all joints use a standard pin size. The removal of this intricate design element lowers the importance of high yield stress in the chosen material (as the end product will not be under high levels of stress or strain, the main element of consideration for yield or ultimate tensile strength will be the removal process of the component from the mould during manufacturing), this widens the scope of material choice and allows for a cheaper material to be chosen. The drawing for the proposed design can be found in the appendix. The design specification is summarised in the table below:
	Proposed Design Specification: Drill Press Sliding Unit.                              Design Engineer: Faith Over
Date: 1st March 2021

	Performance Requirement
	Design Requirement
	Design Specification

	Competitive Cost Structure
	Low Cost
	Multi-Cavity Injection moulding using durable thermoplastic (Polyoxymethylene)

	Longevity
	Corrosive resistant, heat resistant & toughness
	Polyoxymethylene thermoplastic

	Lifespan Requirements
	(as above) + serviceability / ability to replace components
	Standardising pin sizes / replacing the spring hook with 6mm hole & standard pins








6. [bookmark: _Toc64583361]Conclusions
To conclude, there are various factors which need to be considered when designing a product. However, to ensure one focuses on the correct functional properties, one must first review the customer’s and market needs and desires. In this case, as the cost of the product is a main deciding factor for customers, the product design had to be re designed around cheaper manufacturing methods (multi cavity injection moulding), and cheaper materials were chosen in line with these methods. 
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