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Design assignment:

Introduction and interpretation of the client brief: 
The aim of the assignment is to redesign the lid for the anodisation tank which is used for manufacturing aluminium parts. The anodisation process is used protect the aluminium from degradation, corrosion resistance and used for aesthetics purposes as it gives it a uniform finish and allows for a change in its visual appearance by using colours (GEOMIQ (n.d.)). This process uses a harmful mixture containing 30% sulphuric acid which can cause harm to the human body. For this reason, we are tasked to make sure that the tank is contained and reduce the risk of causing harm to the people using the tank. In addition to this, the number of people which will be using the lid is changing from one to two people, meaning a new design is necessary where only one person is required for the job. 

Key legislations: 
For the storage of the acid, it must be clear to the workers or anyone near it that inside the tank there is a harmful substance. For this reason, the Legislation for Chemical Warehousing, states that the tank must be labelled with a sign showing the type of substance inside. For sulphuric acid, a class 8: Corrosive substance label must be applied.
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(Gov UK (2009a))

In addition to the health and safety at work act (Health and Safety Executive (2019)) will be important for the client when planning this new design. The act states to perform risk assessments to manage and find out where workers are most likely to hurt themselves. This is important for the design stage, as the new lid should only require one person to be used, therefor meaning actions must be taken to make sure that this one person can now safely perform the task of two people.

Specification:
The specifications of the tank are: 1000mm tall, 1020mm in width, thickness 5mm and 1770mm in length. It is made using stainless steel. The tank must remain the same, and only small modifications can be made to fit the design of the lid. The tank is used to hold the acid mixture inside which is why the material used is important to make sure the acid stays contained.
The specifications of the lid are: 20mm tall, 1020mm wide and 1770mm in length. The lid is also made from stainless steel; however, the material and dimensions may be altered freely for the design of the new lid. 
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Planning:  The planning stage of the project will take around 1 weeks to complete. In this part the requirements for the Lid will be drawn up, showing the designer which changes they will need to do and what new design aspect the new lid must have.
Research: The research stage of the product will take approximately 2 weeks as many factors must be considered for the new design. In the research stage of the product new mechanism must be looked at to improve the old design. This must include mechanism which only require one person to use. In addition to this the designer must research materials which will be used for the application. They will have to consider the weight of the material as the new lid will have to be operated by only one person, while making sure the material chosen is still resistant to the corrosive effect of the acid.
Prototype designing and production: The designing and production stage of the task will take approximately 2 weeks for a prototype be designed and produced to test out how the designs work when put into practise. Once a number of prototypes are made, they will be ready to be put in use and begin the testing phase.
Testing: The testing phase of the project will take approximately 2 weeks. During this phase, the prototype will be put through several different tests to see how long it will last and how well it performs. This will show the engineers if the design works well or where improvements need to be made for a new prototype. 
Manufacturing: The manufacturing stage will take approximately 9 weeks. This stage will take the longest as the volumes in the low hundreds need to be produced. In addition to making parts which will take lots of time, these parts will need to assemble which will also take a long time.
Implementation: The implementation stage will take roughly the same as the manufacturing stage, as when the new lids are being made, they can slowly start fitting them into their machines instead having to wait for the whole manufacturing process to be completed.




Relevant research:
Material research:

· Stainless steel: Steel is good at resistance against sulphuric acid. However, that grade of stainless steel will depend on the strength of acid it can resist. For our application, stainless steel of grade 904 will be used as it offers resistance to high concentrations of sulphuric acid (Unified Alloys (n.d.)). Steel 904 has a density of 7900(Kg/m^3) (AZoM (2001)). In comparison, most steel has a density around 7850(Kg/m^3) meaning that the high resistance steel will only be slightly heavier. In addition to this, stainless steel grade 904 costs around £12.33 per Kg (SMT (2022)).

· PTFE: PTFE which stands for Polytetrafluoroethylene is a synthetic fluoropolymer which has high resistance to sulphuric acid. PTFE can be used for applications with any concentration of sulphuric acid making it very useful for our application. In addition to this PTFE has a density of 2200(KG/m^3) (Aqua-Calc (n.d.)). This makes it much lighter than the stainless steel used on the current lid meaning it will be much easier for the user to lift. In addition to this the PTFE can withstand temperatures up too 260C meaning that the 25C from the acid tank will not affect it. In addition, PTFE costs around £9.88 per Kg (Mike (2021)).


· High silicon cast iron: High-silicon cast irons are very good for applications in environments where sulphuric acid can be found, as it can withstand sulphuric acid concentrations till up to 100% (Singh, R. (2020)). High-silicon cast iron has a density of the high-silicon cast iron is between 6800-7800 (Kg/m^3) (Engineering Toolbox (2004)). This means that its weight is between the Stainless steel and the PTFE.














Annotated sketches of multiple design concepts:
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Design 2:
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Design 3:
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CAD model of the final design
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Fully dimensioned technical drawings (BS8888), with material choices and tolerances
[image: A blueprint of a rectangular object

AI-generated content may be incorrect.]













[image: A blueprint of a building

AI-generated content may be incorrect.]



[image: A blueprint of a rectangular object

AI-generated content may be incorrect.]













[image: A blueprint of a building

AI-generated content may be incorrect.]





[image: A drawing of a long metal bar

AI-generated content may be incorrect.]

[image: A blueprint of a building

AI-generated content may be incorrect.]















[image: A blueprint of a box

AI-generated content may be incorrect.]































Manufacturing processes for each component
The components for the lid will all be machined using a CNC machine. Using this technique will give my components a precise finish making sure each component is made to tolerance. This is very important as the railing mechanism must be smooth to slide properly. In addition to this the tolerance of the lid is very important, as the any gaps in the seal will result in escaping fumes from the acid mixture.  
Welding: Welding will be used to attach the rail guide onto the top of the tank. Welding will be used as the rail guide is made of stainless steel which is the same material as the acid tank. Welding will give a stronger bond between the two parts. 
Adhesive. To attach the rail to the lid, strong adhesive will be used which will permanently glue the lid and rail together. This will be used as PTFE is a polymer and therefor cannot be welded and screws or bolts will give it fracture points.

A full justification for design choices
For my design I made the choice to use electromagnets to control the function of the door. Being able to use a controller to be able to control the function of the lid will guarantee safety for the user as they will be at a distance from the tank during the operation. Furthermore, this fulfils the requirement of only needing one user for the task of moving the lid. 
For the mechanism, a rail mechanism was chosen for the design as this requires less moving parts meaning that less components are likely to break resulting in less maintenance time on the lifespan of the product. In addition, if the rail system was to fail, it only contains two components which will be quick and easy to replace resulting in less downtime and reduced maintenance costs.
For material choices, PTFE and stainless steel were chosen. PTFE will be used on the lid and the rail due to its lightweight property meaning the magnets have less work to do when pushing the lid doors apart and when bringing them back together. In addition to this the lightweight property of PTFE will mean it requires less support when the lid doors are fully extended. Additionally, PTFE has high resistance to sulphuric acid and temperature meaning over time, it will not corrode or weaken. Steel was used on the rail guide as it will be welded onto the steel tank and therefor requires metal for it to be welded on. In addition to this the rail guide will be supporting the rail and lid when its open meaning it needs a strong material.
For the opening and closing mechanism, electromagnets were chosen as they can be operated from a distance using an electrical system meaning that the user can operate the lid from a safe distance. This mechanism will also fit the requirement of needing only one person to operate the lid.
Magnets: Magnets will be used for the for the mechanism for the lids. It will be used to control the opening and closing mechanism in the lid from an external controller allowing the user to control the lids from a safe distance.



Cost analysis: 
Lid:
Volume of lid: 9381000 mm^3
Density of lid: 2200 (Kg/m^3)
Mass of lid: 20.6382 kilogram
Cost of lid: 20.6382 x £9.88 = £203.91 of material for each lid 
Two lids required per tank = 203.91 x 2 = £407.82

Railing:
Volume of rail: 110750 mm^3
Density of rail: 2200 (Kg/m^3)
Mass of rail: 0.24365 Kg
Cost of rail: 0.24365 x £9.88= £2.41 per rail
4 rails for each tank= £2.41 x 4 = £9.63
Rail Guide:
Volume of rail guide: 177325.73 mm^3
Density of rail guide: 7850 (Kg/m^3)
Mass of rail guide: 1.39201 kilogram
Cost of rail guide: 1.39201 x £12.33 = £17.163
4 rail guides in each tank: £68.65

Total price of materials for one Tank: £486.10









Conclusion and further work:
For the design assignment, three original concepts were designed each using a different method of function. Design 3 was the chosen design as it fulfilled the company’s requirements while being simple yet effective in the way it operates. 
The design works by using 4 sets of magnets which will lock the tank lids together when not in use. This will be done by a controller that will turn the magnets on with opposite poles causing them to be attracted together closing the lid. When the tank needs to open, the electromagnets will be changed to the same poles causing the magnets to repel from each other causing the lids to slide away opening the tank. This will allow only one user to be able to control the device while being at a safe distance therefor having no risk in the operation. The material choices will keep the lid lightweight and resistant to acid while still having support in areas such as the rail guide where much of the stress from the lid will be. Furthermore, by keeping the design simple with only three parts and two moving parts, it means less maintenance as less parts are likely to break therefor needing less downtime and repair time.
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