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[bookmark: _Toc194686143]Introduction
The assignment given to me is a possible simulation of what could occur in a real-world work setting. It involves giving us the opportunity to experience the process of carrying out a design project. A problem has been given to me, and as a design engineer at an Original Equipment Manufacturer (OEM), its my job to design a solution. 
The problem posed to me is that there is an anodization tank used in a company, where the workers have complained about the removeable cover being difficult to place correctly, where this operation may be a major risk to staff and that this operation requires 2 people to do. My job is to create a solution where the operation is; safe, can be operated by a single person, while keeping the tank dimensions and material the same, allowing for clearance from above to allow parts to be lowered into the tank.



[bookmark: _Toc194686144]Key Legislation Considerations
As the tank we are building a cover for houses sulphuric acid, there are a few key legislations we have to take into consideration. The Control of Substances Hazardous to Health (COSHH) Regulations 2002. It requires a risk assessment and safe handling of hazardous substances like acids. The COSHH regulations are designed to protect workers from hazardous substances, including chemicals, fumes, dust and biological agents. These regulations apply to any workplace where dangerous substances are used, stored, or handled. 
Regulation 6 delves into creating a risk assessment, where an employer must identify hazardous substances, and evaluate who may be exposed, how they may be exposed, and for how long. Employers have to consider risks from inhalation, skin contact and if accidental spills occur. 
Regulation 7 involves implementing protocols to minimize exposure to the hazardous substances. Things like engineering controls for example; ventilation, fume extraction and sealed storage tanks. Employers must implement safe handling procedures involving the use of chemical-resistant materials. Employers must also provide Personal Protective Equipment (PPE) to employees like acid-resistant gloves, face shields and respirators if necessary. 







[bookmark: _Toc194686145]Specification
The current removable tank covers are fabricated from 5mm thick stainless steel and are manually lifted by two people using fixed handles. The process of positioning and removing the covers has been flagged as hazardous and ergonomically challenging by operational staff and health and safety personnel.
These covers are used on dozens of tanks across multiple sites, indicating a potential requirement for low-volume batch production in the low hundreds. The aim is to develop a redesigned lid solution that improves safety and usability while maintaining compatibility with the existing tank infrastructure.
The new cover must be safely operable by a sole person without assistance, the system must minimize the risk of injury during installation, removal and storage. The design should reduce the need for awkward postures, excessive force or repetitive strain.
The cover must retain its removable function to allow regular access to the tank. The tank dimensions and material cannot change, but modifications to the tank (e.g., attachment points or guides) are allowed. The design must utilize top-down clearance, allowing components to be lowered or lifted from above. The lid must securely fit the tank opening when in place to meet health and safety standards.
The use of alternative materials for example, aluminium or composites are permitted to reduce weight and improve handling. Materials must withstand chemical exposure, including proximity to 30% sulfuric acid at 25°C, and general wear in an industrial environment. Design should be cost-effective for production in the low hundreds. Ease of manufacture and assembly should be considered to support consistent, scalable deployment across multiple sites.
To summarize the redesigned tank lid must be lightweight, safe, and operable by one person, with modifications allowed to the lid and supporting hardware, but not to the tank's material or size. It must also be durable, chemical-resistant, and suited to moderate-scale production.
[bookmark: _Toc194686146]
Time Plan
As my solution requires a base plate of titanium under the stainless-steel cover, the titanium would need to rolled and cut to the dimensions we want.
The time taken to create the titanium base plate would take around 1-2 days, as long as there is pre-existing stock, or a week or more if starting from ingots. 
To create the handles, stainless-steel must be melted down and cast into molds. This will take around 1-3 days to complete.
Once the base plate is ready, we can weld the titanium to an insert, and then weld the insert onto the stainless-steel cover. This process takes around 3-5 hours to finish.
When the cover is prepared with the titanium-insert welded on, the handles can be weld onto the top of the cover, which if done at optimal efficiency, will take around 1 hour to complete.
In total to go from start to finish, as long as the material is there already, 3 days to prepare at the longest. Or 1-2 weeks if we have to create the base plate from ingots.
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As Sulphuric acid corrodes most metals, there is only so few that we are able to choose from. Metals like Stainless-Steel (304 and 316) are able to keep low concentrations of Sulphuric acid, above 10% without corroding. However, they are poor when the concentration of Sulphuric acid is high, the metal corrodes easily. 
Alternatively, metals like Carbon Steel can handle very high concentrations of Sulphuric acid, over 70% concentration very well, but its unsuitable for mid to low concentrations of acid. Carbon Steel is unsuitable for our use case, as our tank houses 30% concentrated sulphuric acid.
High Silicon Cast Irons, like Duriron and Corrosiron, have excellent resistance to all concentrations of Sulphuric acid at all temperatures. However, Silicon irons are hard to machine and susceptible to thermal and mechanical shock, meaning getting accurate sized sheets may be a challenge.
Titanium is known for its excellent corrosion resistance to a wide variety of oxidizing chemicals, like Sulphuric acid. Simply by alloying Titanium with a fractional percentage of Platinum or Palladium markedly improves its corrosion resistance to acid without affecting resistance under oxidizing conditions. 
From the research I have done, I came to the conclusion that Titanium with a fractional alloy would provide the best solution for the problem posed to me, following the solution I have created. 

[bookmark: _Toc194686148]Sketches
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[bookmark: _Toc194686136]Figure 6‑1 Rough Sketches of Potential Solutions
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[bookmark: _Toc194686138]Figure 7‑2 Bottom View of Cover
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Figure 8‑1 Technical Drawing of Cover and Tank


[bookmark: _Toc194686151]Manufacturing Processes
To create the handles, we make a mold, and then melt stainless steel into the molds, it fills the cavity and fills the space where the handle will be formed. The metal will cool and solidify in the mold, and once cooled the mold is broken and the handle can be removed. 
The most efficient way to create the piece I need for my solution would be to start with a pre-cast titanium slab or plate, around 50mm thick to start as the starting material. 
Once the titanium is acquired, we can hot roll it, by heating the titanium to 900-950 degrees Celsius to make it easy to deform, and from there we can roll and press it down to 5mm thickness while maintaining the desired dimensions. 
Once done we can heat treat the titanium to relieve stress and improve material properties. Then we can machine the sheet to get the exact measurements we are looking for and a smooth surface finish.
Once the titanium is prepared, we can begin the preparations to weld the titanium together to the stainless-steel cover. 
To prepare the titanium, there must be no contaminants so it must be thoroughly cleaned, by grinding, acid pickling or wire brushing. 
Then we can TIG weld the titanium to an insert metal, which we will use nickel using an inert gas shield which can be argon or helium. 
Once the titanium and insert are welded together, we can TIG weld the insert to the stainless-steel cover. 
Now that the cover and base plate are welded together, we can weld the handles onto the top of the stainless-steel cover.
We can TIG weld the handles onto the cover, with argon shielding gas for a clean, precise weld.





[bookmark: _Toc194686152]Justifications
I chose to develop my solution in the way I did, as I believe it would be an efficient way to solve the problem posed to me. The choice of keeping the stainless-steel beam the same and welding a sheet of titanium underneath it, allows us to quickly upgrade the already existing covers, giving us the luxury of not having to design wholly new covers. 
Also, the added benefit of using titanium is, as the sulphuric acid is only heated to around 25 degrees Celsius and is only 30%, this solution will last years before any wear is detected on the base plate. At room temperature titanium can resist for many years or even indefinitely without significant corrosion. 
Check-up to ensure that the titanium base-plate is doing its job can be 3-6 months at first to ensure nothing unusual is happening, but after confirming that the titanium is safe and working, check-ups can be reduced to annual or bi-annual visits. This means that the cover can be used constantly without having to sacrifice time or resources to making sure the cover is doing its job.
Also, by using a welded plate underneath the cover, it allows for easier attachment as the plate slots into the opening in the tank, meaning there will be a lock once the cover is inserted into place. This ensures that the worker will know when the cover is secured onto the tank properly, as the cover will be level with the tank if it has been placed correctly.














[bookmark: _Toc194686153]Conclusion
Overall, I believe the solution I have brought forward brings the most optimal strategy to tackling the problem posed by the OEM. It allows for the original materials that we already have to be used in a way to allow for enhanced safety, reduced risk and an increased ease of use for the workers that are being troubled by the cover. By adding to the original materials used, it allows for an efficient use of time to integrate a solution where only a single person is required to operate the cover. 
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