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[bookmark: _Toc72258120]1.0 Introduction
The aims of this report are to evaluate business, customer and user needs including the wider engineering context, public perception, and aesthetics. Investigate problems, and identifying constraints including environmental and sustainability limitations; ethnical, health, safety, security, and risk issues; intellectual property; codes of practice and standards. Consider the costs and evaluate outcomes.
An investigation will be made into the existing ‘concept’ design of the “DPMSU” component. Through analysing “DPMSU” a list has been created to point out current issues surrounding the relationship between structural and customer satisfaction.
The current issues identified with “DPMSU” as followed:
· Does not securely hold drill in place.
· No machinery protection for Customer.
· No specified material choice.
· Stress acting on the seatpost clamp.
Throughout this report, solutions will be provided to improve current ‘concept’ and meet customer requirements.
Other considerations will be addressed throughout the report, as followed:
· Anticipate Customer Needs
· Functional Requirements
· Aesthetic Considerations
· Serviceability Requirements
· Any Relevant Ethical Considerations
· Any Relevant Codes of Practice


[bookmark: _Toc72258121]2.0 Carbon Fibre Reinforced Polymer (CFRP)
[bookmark: _Toc72258122]2.1 Background
Carbon fibre reinforced polymer has recently accelerated in demand over the last decade across the world in multiple industries such as aerospace and automobile, being the many few to adopt such material. This is due to their high strength and low weight capability as well as performing exceptionally well. Furthermore, CFRP mechanical properties excel in reference to modulus and fatigue strength, tensile strength, fracture toughness and can withstand temperatures up to 3000. The strength of said material comes from the carbon fibre, which is bound together by a polymer resin which allows them to strengthen.
[bookmark: _Toc72258123]2.2 Material Charts (CFRP)
The current conceptual design features many flaws within the structure and shape. Regarding the seatpost clamp where the drill can be placed, the stresses acting on the part can correlate to stresses acting on a beam. Using merit functions, specific materials can be determined for the application.

[bookmark: _Ref72084603]Equation 1 – Merit Function for Beam Applications

[bookmark: _Toc72258124]2.2.1 Strength – Density (CFRP)
[image: ]Figure 1 below, displays a strength – density chart. As shown by the black thick dashed line, the appropriate material choose would be a CFRP. The thick dashed red line points out the strength and density units to which CFRP is measured.
CFRP has the best strength – density out of all the materials. CFRP is located within the group of composites.[bookmark: _Ref71999118][bookmark: _Toc72258203]Figure 1 - Strength - Density Chart

Due to high acting forces on the sliding unit, strength is highly desired to resist deformation. This ensures the longevity of the product and its performance.

[bookmark: _Toc72258125]2.2.2 Young’s Modulus – Density (CFRP)
Figure 2 below, displays a young’s modulus – density chart. CFRP has the best low density, high modulus capability. This establishes information about the materials limits before plastic deformation or failure.

[bookmark: _Toc72079119][bookmark: _Toc72083862][bookmark: _Toc72163285][bookmark: _Toc72256753][bookmark: _Toc72256866][bookmark: _Toc72257404][bookmark: _Toc72258126][image: ]
[bookmark: _Toc72258204]Figure 2 - Young's Modulus - Density Ratio
[bookmark: _Toc72258127]2.3 CFRP Negatives
CFRP has many negative values, including:
· Extremely expensive cost.
· Damaging environmental impact.
· Non-sustainable.
CFRP averages at £7.09 per 4.54 kg. Compared to 304 stainless steel at an estimated £1.09 per 1 kg shown below in Figure 3.
CFRP cannot be recycled without extra cost, so at the end of its product life, it is either buried underground at designated places or sent over to facilities such as Roth International [1]. Also, CFRP cannot be repaired when damaged, shortening its product life.
This leads CFRP to be non-sustainable for industries to compete without forfeit of profit.
CFRP manufacturing is also energy intensive, with CFRP with 50% fibre volume using 800 MJ/kg compared to steel only using 50 MJ/kg [2].

[image: ]
[bookmark: _Ref72077573][bookmark: _Toc72258205]Figure 3 - Estimated Price of Steel Per USD/lb. Provided by SolidWorks.
[bookmark: _Toc72258128]3.0 304 Stainless Steel
[bookmark: _Toc72258129]3.1 Background
304 stainless steel is used in industries and appliances all over the world due to its versatility. This is because of its alloys (Nickel and Chromium) which allows the steel to be less corrosive [3]. This is aesthetically pleasing to consumers as it has a great finish which sustains for years. Steel is an iron-carbon alloy which is later, combined with other alloys such as nickel, chromium, manganese, nickel, silicon, tungsten and much more depending on the mechanical properties wanted/needed.
Iron is very soft due to the number of dislocations within the lattice. Through material processing, carbon is added to gain strength by reducing ductility. This chemical interaction is called Ionic bonding. 
For our application we do not want a carbon content above 2% as the steel would become too brittle [4]. Other alloys are then added to combat corrosion, conductivity, magnetism and more.
Grade 304 has a melting point between 1400-1450  ͦC
Steel is 100% recyclable through magnetic separation even through pre-consumer scrap and post-consumer scrap [5] and because of this, it has a price to it. Stainless steel 3/6, and 18/8 on average in the U.K range in price between £0.61-£0.92 per kilo [6]. 
[bookmark: _Toc72258130]3.2 Material Charts (Steels)
Focusing on the functional requirements, the drill will be held vertically, parallel to the shaft. The consumer will put a downward force onto the drill creating a vertical cut. Therefore, a denser material may be desired as it will assist. Using the same merit function Equation 1.
[bookmark: _Toc72258131]3.2.1 Strength – Density (Steels)
[image: ]Steels have comparable strength values as CFRP, however being considerable denser. Steels are located within the groups of metals.[bookmark: _Toc72258206]Figure 4 - Strength - Density Chart

Strength is required within a sliding unit to withstand forces acting on it. Other alloys such as tungsten and copper are added to increase the strength further as well as adding machinability, thermal conductivity, and electrical conductivity.
[image: ]This diagram displays the melting point of steel. As shown by figure 5, the more carbon added, the more unstable steel becomes to heat. Therefore, lower carbon steel is beneficial in this way too.[bookmark: _Toc72258207]Figure 5 - Fe/Fe3C Phase Diagram (Steel), Between 0-2% Carbon







[bookmark: _Toc72258132]3.2.2 Young’s Modulus – Density (Steels)
[image: ]Steels have a slightly higher young’s modulus compared to CFRP. This is due to the Iron, adding ductility. This is needed within a sliding unit as levels of vibration will occur when being used. The more resist to deformation the longer the product will last for, which equally will provide customer satisfaction.

[bookmark: _Toc72258208]Figure 6 - Young's Modulus - Density Chart

[bookmark: _Toc72258133]3.3 304 Stainless Steel Negatives and Positives
304 stainless steel has a few negatives, including:
· The loss of ductility increases brittle fracture.
· Steel is heavier and more expensive to transport.
· Production cost relatively expective compared to other metals.
However, steel has many positives, including:
· Corrosive resistant
· Can be recycled.
· Strength, hardness, and ductile (Low Carbon 304 Stainless Steel)
· Can be easily repaired.
· Has a premier price on being scrapped
[bookmark: _Toc72258134]4.0 Design Specification
[image: ]
[bookmark: _Toc72258209]Figure 7 - Design Specification
[bookmark: _Toc72258135]4.1 Customer Safety
Customer safety must be implemented by evaluating current or new features and adapting them to limit harm to a minimum. Design safety features:
· Drill piece guard
· Curved edges
· Wire holder
A drill piece guard would be helpful to ensure the safety of customers, by protecting their eyes from material projectiles and fingers or clothing from rotating drill pieces.
Curved edges protect the customer from cutting themselves.
Wire holder allows customers to move their wire from the drill to the side to prevent the wire from getting tangled up in the drill piece or protecting the customer from being distracted by the task.
[bookmark: _Toc72258136]4.1.1 Labour Force Safety
Labour force safety is extremely important. Not just to consumers but to the industry. Making sure from beginning to end that employees receive a high standard of human rights, and other ethical standards. Performing risk assessments, consulting the work force, provide training and providing first aid kit are all especial parts to the labour force safety [7].
[bookmark: _Toc72258137]5.0 Discussion
Manufacturing is a huge cost decision when creating products. The final design concept will be made through a process of ‘Sand Casting’. This is due to 304 stainless steel being a great material to cast as well as the product not having any complex geometry. Due to the product being relatively small, the ‘Sand Caster’ will be able to produce many per day. This will increase production, drive down the labour costs, decrease material waste and decrease energy usage.
Design costs drivers were considered within conceptual designs. Picking ways to remove material where necessary while retaining the structural strength of the product and over complicating the products geometry. Implementing way to combined ergonomics with driving down the cost. Adding areas where wires can safely be placed is a subtle example of removing material but gaining customer satisfaction. Indented finger holes, for customer to use when adjusting the sliding unit is another example.
Through solid works cost estimation, with milling the cost would average at £35.90 per part. However, due to casting not wasting material, less labour, and lower energy used. The estimated cost would lower by £7.50.
[image: ]
[bookmark: _Toc72258210]Figure 8 - Cost Estimation Per Part (Milling)
[image: ]
[bookmark: _Toc72258211]Figure 9 - Side View of Final Design Concept
Comfortable finger grip, use for adjusting unit.   	Smooth curves and edges, so chip damage does not occur increasing durability as well as being safe.

[image: ]
[bookmark: _Toc72258212]Figure 10 - Top View of Final Design Concept
Wire holder, for safer operational use.
[bookmark: _Toc72258138]6.0 Conclusions
In conclusion, steel is a great material within manufacturing due to its versatility, as well as it is versatility with other alloys. The mechanical properties that 304 stainless steel has makes it an incredible match for outdoor use between trade professionals and home improvers. The overall safety is incredible too, other than the weight. However, the environmental damage that steel would be saving is extremely good not forgetting steel being recyclable and repairable.
Most of the design specification targets were achieved other than cost which might increase depending on the profit, wanting to be made by the machine tool manufacturer.
[bookmark: _Toc72258139]7.0 Standards
BS EN 16228-1 Drilling and foundation equipment – Goes through the common requirements with drill safety
BS, EN and ISO standards are voluntary and are not regulations.
Further standards can be found on the British drilling association website [8].
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